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FOREWORD

The National Standard Reference Data System provides effective access to the quantitative data of physical science,
critically evaluated and compiled for convenience, and readily accessible through a variety of distribution channels.
The System was established in 1063 hy action of the President’s Office of Science and Technology and the Federal
Council for Science and Technology, with responsibility to administer it assigned to the Mational Bureau of Standards.

The System pow comprises a complex of data centers and other activities, carried on in academic institutions and
other lahoratories both in and out of government. The independent operational status of existing critical data proj-
cefs is maintained and encouraged. Data centers that are components of the NSRDS produce compilations of critically
svaluated data, critical reviews of the state of guantitative knowledge in specialized areas, and computations of usefu)
functions derived from standard reference data. In addition, the centers and projects establish criteria for evaluation
and compilation of data and make recommendations on needed improvements in experimental techniques. They are
normally closely associated with active research in the relevant field.

The technical scope of the NSRDS is indicated by the principal categories of data compilation projects now active
or being planned; nuclear properties, atomic and molecular properties, solid state properties, thermodynamic and
transport properties, chemical kinetics, and colloid and surface properties and mechanical properties.

The NSBDS receives advice and planning assistance from the National Research Council of the National Academy
of Sciences-National Academy of Engineering. An overall Review Committee considers the program as a whole and
makes recommendations on policy, long-term planning, and international collaboration. Advisory Panels, each con
cerned with a single technical area, meet regularly to examine major portions of the program, assign relative pri-
orities, and identify specific key problems in need of further attention. For selected specific topics, the Advisory Panels
sponsor subpanels which make detailed studies of users’ needs, the present state of knowledge, and existing data re.
sources, as a basis for recommending one or more data compilation activities. This assembly of advisory services con-
wributes greatly to the guidance of NSRDS activities.

The NSRDS-NBS series of publications is intended primarily to include evaluated reference data and ecritical rve-
views of long-term interest to the scientific and technical community.

LEwis M. BranscomB, Director
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AUTHOGR’S FOREWORD

The present Multiplet Table was first published in 1945 by the Princeton University Observatory; it has not yet
m superseded. In 1959 it was reprinted as Technical Note 36 of the National Bureau of Standards. This issue is
w out of print and is being reprinted as NSRDS-NBS 40.

The format is not being changed. In the present publication a special note has been added in the heading for
se spectra included in “Selected Tables of Atomic Spectra,” NSRDS-NBS 3, to indicate the existence of a Revised
ltiplet Table.

gust 2, 1971

ABSTRACT

Pending the completion of a current edition, the 1945 Multiplet Table is being reprinted here to meet continu-
ing demands. The leading lines in 196 atomic spectra of 85 chemical elements are listed in related groups called
multiplets. Estimated intensities, excitation potentials and multiplet designations are given for the individual lines,
and each multiplet is assigned a number. An extensive bibiiography covers the source material used for the com-
pilation.

The Table is presented in two parts:

Part I includes the multiplets, with the spectra of each element being given in order of increasing ionization,
and the elements in order of increasing atomic number.

Part II is a Finding List in which all the lines in Part I are entered in order of increasing wavelength, with
their multiplet numbers. ° °

The range of the Table is from 2951 A to 13164 A. A supplementary tahle of “Forbidden Lines” extends from
2972 & 10 12645 &.

Key words: Atomic spectra, multiplet table; finding list, atomic spectra; multiplet table; spectra, atomic.

Library of Congress Catalog Card Number: 79-179666

I



Editorial Note—Spectra in Technical Note 36 (PB151395),
for which revised data are given in NSRDS—-NBS 3#*

Page  Spectrum Reference
2 C1
g gﬁl SEE REVISION IN NSRDS-NBS 3, Section 3, November 1970.
3 Cwv
New Cv SEE Section 3, November 1970.
o g‘v"] SEE REVISION IN NSRDS-NBS 3, Section 4, August 1971.
New Nvi . -
New NVH} SEE Section 4, August 1971,
15 Sit SEE REVISION IN NSRDS-NBS 3, Section 2, November 1967.
16 Sin
16 Sin SEE REVISION IN NSRDS-NBS 3, Section 1, June 1965.
17 Siwv
Correction
Part I 2 Hen A 6570.0 Ref. A has been corrected to M 6527.10 Ref. P.
Part II 76 Hen M 6570.0 has been corrected to *» 6527.10.

% See List of Publications in the National Standard Reference Data Series at the back of this book for information about obtaining
these publications.

v



Author’s Note on the Reprinting of
the 1945 Princeton Multiplet Table: U.S. Department
of Commerce, N.B.S. Tech. Note 36, (PB151395), 1959

The Multiplet Table that first appeared as Contributions from the Princeton University Observatory No. 20, 1945, is still a standard
-eference source used by astrophysicists, physicists, chemists, and many others. To date it has not been superseded and it continues to
be in steady demand, although it is seriously in need of revision.

In 1959 this table was reprinted as U.S. Department of Commerce, National Bureau of Standards Technical Note 36 (PB151395).
This issue is now out of print.

In view of the continuing requests, the Office of Standard Reference Data has decided to reprint Technical Note 36 as National
Standard Reference Data Series-National Bureau of Standards, NSRDS-NBS 40, 1971, Parts I and IL

Similarly, Volumes I, II, and III of “Atomic Energy Levels,” Circular of the National Bureau of Standards 467 are being reprinted
in the same series, NSRDS-NBS 35, Parts 1, II, IIL

The present rapid technological advances by the astrophysicist in observing celestial spectra have created an urgent need for a cur-
rent Multiplet Table of Astrophysical Interest. The correct interpretation of these spectra depends directly on the laboratory analyses
of optical spectra. A critical compilation of spectroscopic data that provides the leading lines of individual atomic and ionic spectra of
the more abundant elements, over the range from the x-ray to the microwave region is essential. In preparing such a table an effort should
be made to envisage future developments in observing celestial spectra over this range and to design laboratory programs that will
provide the requisite data.

Many gaps exist in our knowledge of atomic and ionic spectra. Sources that will produce clearly separated spectra in all stages of
ionization for the elements H to Ni will be needed. Some of the less complex spectia can be traced along isoelectronic sequences,
while more complex spectra have line lists containing thousands of lines. Encouraging progress is being made in the laboratory, where
excellent spectrographs and carefully controlled sources can produce spectra that far outweigh the observations quoted in 1945.

Although it is not yet possible to provide a complete revision of this 1945 edition, current Multiplet Tables together with cor-
responding reviscd tables of Atomic Encrgy Levels arc available for sclected speotra. They are being published by the National Burcau
of Standards under the title “Selected Tables of Atomic Spectra, Atomic Energy Levels and Multiplet Tables,” as Sections of NSRDS-
NBS 3. Section 1 contains these data for the spectra Sim, Siur, Sitv; Section 2 for Si1; Section 3 for C1, Cu, Cm, C1v, Cv, Cvr;
Section 4 for N1, Nv, Nvi, Nvi. Similar tables for N1, N1, N1 are in course of preparation as Section 5. A number of addi-
tional spectra are partially completed for inclusion in this series. These new Multiplet Tables cover the entire observed range of indi-
vidual spectra, and, therefore, supersede not only the 1945 Multiplet Table, but also the Ultraviolet Multiplet Table which appeared as
Circular of the National Bureau of Standards 488, Section 1, 1950; Section 2, 1952; Sections 3, 4, 5, 1962.

In the present reprinted issue of the Princeton Table, the individual spectra that have been revised are clearly indicated. Readers
are urged to use the revised data for the spectra thus marked and to note further such revisions of selected spectra as they appear
in this series.

This work advances slowly, although a number of revised analyses of spectra have been published that supersede the 1945 data.
A bibliography in the National Bureau of Standards Special Publication 306, Sections 1, 2, 3, 4, 1968-1969, provides reference material

on individual spcctra to about July 1968, continuing from thc refecrcnce listings given in the Volumes on Atomic Encrgy Levels.

The most serious need for revision is perhaps in the infrared data. Current references to work on the spectra H1 to Nir in the
range > 7000 A may be found in a forthcoming publication of the Proceedings of the Seventeenth International Astrophysical Sym-
posium, on “Astronomical Spectra in the Infrared and Microwave Regions,” held at the Institut d’Astrophysique, Université de Liége,
Cointe-Ougrée, Belgium, June 28-30, 1971,

Washington, D.C. CuarLoTtE E. MooRre
August 2, 1971
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PREFACE

The preparation of a Multiplet Table that will meet the needs of all astrophysicists both now and in the future
is an almost overwhelming undertaking. The most eminent workers would have to exercise careful judgment in
handling the spectroscopic literature today. The writer has been bold enough to attempt it, only because of the
many requests for a revision of the earlier Table and the enthusiasm with which it was received in spite of its many
faults. Admittedly the present work is far from ideal. With all its limitations, however, it could never have been
published without a vast amount of collaboration. The generosity and encouragement of spectroscopists and
astrophysicists both at home and abroad has been the inspiration for this book. No two people would present the
same choice of material, and the writer feels that her judgment has been far from adequate for this task. Whatever
usefulness the volume may have is due to the many workers who have stood by, ready to supply material, to discuss
puzzling questions and to offer the most valuable suggestions.

Since 1932 work on spectrum analysis has progressed so speedily that the selection of data useful to the astrophysi-
¢ist has been one of the major problems. Requests for an entirely complete Multiplet Table have been received, but
the purpose of this work has been to provide a book whose scope is limited—one that contains astrophysically useful
data but is not unwieldy because of the inclusion of other material from the vast storehouse of spectroscopic liter-
ature now accessible. The bibliography should be consulted by those who desire more complete Tables of Multiplets.

More work of astrophysical importance remains to be done, chiefly on the spectra of the rare-earths and on the
second spark spectra in general. It is hoped that a supplement can be prepared to cover these spectra and that
a large part of the present work will prove to be definitive.

This book has been brought to a conclusion during the second world war. Consequently, restrictions of all
kinds have been imposed and assistance has been limited. A very careful attempt has been made to prepare the
manuseript accurately. The writer believes, however, that crrors have incvitably been madc in the compiling and
editing of more than 25,750 spectral lines, for the work has been done with the minimum amount of clerical aid.
She relies upon the users to detect serious errors and report them to her so that a list of errata may be published.
Suggestions will be welcome. )

Mention has been madé of the cordial cooperation experienced from the beginning of this work. It could not
now have been brought to a conclusion without the hearty and enthusiastic support of Henry Norris Russell, the
author of the first list of multiplets of astrophysical importance. He has generously offered his valuable collection of
data on spectra and has been ever ready to help in spite of the many complications that have arisen in carrying
out such an extensive program.

CrarLoTTE E. MOORE

Princeton University Observatory
Princeton, New Jersey

April 3, 1945



A MULTIPLET TABLE OF ASTROPHYSICAL INTEREST
Part 1

TABLE OF MULTIPLETS
I. INTRODUCTION

1. The detailed interpretation of stellar spectra demands of the laboratory investigators an ever increasing
amount of careful work on spectrum analysis. With the impetus provided by Hund’s theory, remarkably rapid strides
have been made. Additional encouragement, particularly in handling complex spectra, has resulted from the great
development of mechanical devices to decrease the enormous labor of measuring and reducing spectrograms. The
valuable machine developed by Harrison at the Massachusetts Institute of Technology for this purpose has already
proven its worth and promises much more in the future.

2. From an astrophysical point of view there is a definite need for a compendium of multiplets. The manu-
script lists prepared for the present work have been almost continuously on loan to various investigators.

Spectrum analysis has not been carried far enough to compile a completely satisfactory Table. So many
spectra have been analyzed, however, that to wait for perfection is to retard scientific progress. For many spectra
“prediction” may be invoked to extend the existing lists of observed laboratory lines, and this has been done
throughout the work. Three general classes of lines are tabulated: those observed in the laboratory; predicted
“permitted” lines calculated from combinations among spectroscopic term values; and predicted “forbidden” lines.

3. A complete multiplet table would be welcomed by many scientists. It is not the purpose of the present work
to furnish this. The range of wave-lengths is roughly from 22950 to A13000. The violet limit is imposed by the
ozone in our atmosphere, which cuts off stellar observations beyond this region. In the infra-red the scarcity and
inaccuracy of laboratory wave-lengths have made’it necessary to predict many lines.

Even within these limits, only the lines thought to be useful in the interpretation ot astronomical spectra are
listed. These are selected from the elements sufficiently abundant to appear in stellar spectra, and from only those
stages of ionization and types of excitation which are to be expected.

4. The importance of handling the various laboratory spectra by multiplets was stressed in 1925 by Russell,!
who published the original multiplet table under the title “A List of Ultimate and Penultimate Lines of Astrophysical
Interest.” Useful as it was, this soon proved to be incomplete, not only because it was intentionally limited, but
also because more data were becoming available. Work on spectrum analysis was proceeding so rapidly that an
extension of his list was imperative.

5. When the writer was at the Mount Wilson Observatory in 1931 she prepared a solar multiplet table for
private use in revising and extending the identification of lines in the solar and sun-spot spectra. This manuscript
was constantly used by astronomers. In response to requests for copies, the laboratory data for light elements present
in early type stars were added and a limited edition was printed in 1933.2 This edition was out of date and out of
print aimost immediately—the demand for it had not been anticipated. To meet the situation the present book
was planned; it is the first book designed from the start as a multiplet table for astrophysicists. For this reason,
solar wave-lengths and intensities are excluded. It is essentially a manual of laboratory data needed by astronomers.

6. In the Multiplet Table (Part I) the elements are arranged in order of increasing atomic number. For each
spectrum of each element the multiplets are listed in order of increasing energy level (see § 27 for details), and are
numbered for reference. While such an arrangement is useful in studying stellar spectra, it introduces one serious
disadvantage. The search for a particular line is laborious. This has been a widespread and an entirely justified
criticism of the earlier Table. A Finding List has, therefore, been prepared and forms Part II of this Contribution.
Here every line in the Revised Multiplet Table (hereinafter referred to as the R M T), is entered in order of wave-
length, listing the spectrum to which the line belongs, and the number of the multiplet containing it.

II. THE MULTIPLET TABLE—General Considerations

7. The astronomical spectra forming the bhasis of selection of the elements, spectra and lines included, fall into
several general classes. The sun receives first consideration. The observed solar spectrum now extends from
A2914* to A13495, which accounts for the range covered in this Table. In addition, the spot and chromospheric spectra,
stellar spectra of every type from Wolf-Rayet stars down through M-stars, including giants and dwarfs, spectra
of novae and nebulae, and of the corona must be taken into account.

L Mt, Wilson Contr. No. 286; 4p. J. 61, 223, 1925.

* A Multiplet Table of Astrophysical Interest, Princeton 1933.
* Accurate measures have not been made to the violet of 22949,
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8. The astrophysical importance of a spectrum depends upon the abundance of the element in the most favor-
le celestial sources, and the number and excitation potentials of the lines in the visible region. Almost all of the
:ments of atomic number 1-30 (H-Zn) have, on this account, preference over those that follow. The analyses of
eir arc spectra are almost all adequate for astrophysical purposes.

For the first spark spectra, which on the whole are more important, the analyses are fairly complete (except for
n 11 and Co 11) The lists for these spectra in the R M T include all but the weakest observed lines except for a
» elements of low abundance.

The second spark spectra are less completely analyzed in the two short periods. In the first long period Fe 11
complete and only a beginning has been made for any of the rest.

Detailed knowledge of spectra of more highly ionized atoms is confined to a few of the lighter elements.

9. The spectra of the elements from Ga to Ba are on the average considerably richer, and much less completely
1alyzed; but these elements are decidedly less abundant and the existing data are usually, though not always, fairly
lequate for astrophysical purposes.

10. The rare earths, which are ro rarer than neighboring elements in cosmical abundance, usually have rich
sectra, which adds to their significance. The arc spectra rarely appear. The first spark spectra are important in many
ars, and lines of the second spark spectra of several of them haverecently been identified.! Analysis of the third spectra
barely begun; for the second spectra it is well advanced for six of these elements and well begun for four more.

The lists given here for the rare earths are approximately definitive for La 11, Eu 11 and Lu 11. It is hoped that
eatly improved data for the others will be available in the near future. Extended tables for rare earths are likely
» form the larger part of a supplement to the R M T.

11. The elements from Hf onward are of low abundance, and the data for them, though incomplete, meet most
strophysical needs tolerably.

1. BASIS OF SELECTION
12. The Short Periods (H-4).

These spectra are so important in the hotter stars that the lists are entirely or almost complete for all degrees
f ionization included, except for a few elements of low cosmic abundance.

The spectra of Wolf-Rayet stars,®  novae and nebulae contain many “predicted” lines of these elements, not
et observed in the laboratory. For many light elements more predicted lines could probably have been included
» advantage. More accurate values of predicted wave-lengths could also have been given, particularly in the spark
sectra of C, N, and 0. The precedent set by Edlén in his work on Wolf-Rayet?® stars was followed. In many cases
1e term separations are known with sufficient accuracy to justify predictions to 0.1 A, although he uses no decimals.
Jse of the photographic method of reproduction for this book has prevented all but the most necessary alterations
f the original manuscript. Changes later realized to be improvements have been omitted because of this restriction.

13. Bowen’s ¢ work naturally forms the guide for selecting material related to nebular spectra. The leading
ebular lines are due to forbidden lines of the light elements. In anticipation of future needs, the lists of forbidden
nes have, however, been greatly extended throughout the first long period.

14. No particular type of stellar spectrum has influenced the choice of lines from the first spark spectra of light
lements. The lists have not been restricted to include only those lines known to be present in the stars. The
bundance of the element has been the chief factor considered in omitting lines. For elements known to be fairly
bundant, favorable predicted lines have been added. The lists are as extensive as the present state of analysis
ermits.

15. For some years Mr. H. D. Babcock at Mount Wilson, has been preparing for publication a monograph on
he Infra-Red Solar Spectrum. His work now covers the interval A\6600-13495 and includes approximately 7300
nes. The leading accessible lines of the arc spectra of most of the light elements lie in this interval. For example,
nportant solar lines are unquestionably due toa H, C 1, N 1,01, Mg1,Si1, P 1,and S 1. Infact, the presence of
‘hosphorus could not be detected until the solar observations were extended to the infra-red. The present Table
as been compiled with Mr. Babcock’s work especially in mind.

For unblended lines the solar wave-lengths in this region are far more accurate than many laboratory measures.

i1 affords an excellent illustration. The lines are sharp in the sun and the term separations among solar wave-
"1 Swings, 4p. J. 100, 132, 1944,
2 Payne, Zett. fur Ap 7, 1 1933,

SEdlén, Zeit, fur 4p. 7, 78 1933,
¢ Rev. Mod, Phys. 8, 55 (No‘ 2), 1936.
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numbers are so consistent that accurate solar term values can be calculated. These term valuds have been very
useful in predicting wave-lengths. Similarly, the triplet and singlet “F” series of Mg 1 were extended with the aid
of solar data.! The constancy of the term separations proves beyond doubt the correctness of the identifications.

16. The First Long Period (K-K7).

The elements in the first long period from K through N7 constitute by far the major portion of this book
(pp. 23-77), on account of the complexity of their spectra. Generally speaking, the arc and first spark spectra are
well analyzed except for those mentioned in § 8. Many lines of these spectra (as far as Cu) are present throughout
the entire range of the solar and sun-spot spectra, the flash spectrum, stellar spectra like those of ¥ Cygni and
@ Persel, and later type stars.

The only second spark spectrum in this group that can be given completely is that of Fe 111. Astronomers
eagerly await the definitive analysis of the rest.

17. The spectrum of Fe 1 deserves special mention. Although the importance of the analysis has long been
realized, a complete monograph of this spectrum has only recently been published.? Practically every known line
of Fe 1is present in the sun. An amazing number of predicted lines agree well with solar wave-lengths. A statis-
tical study of these coincidences indicates that most of them are real. For the statistical work the predicted lines
were graded as “good,” “fair,” or “poor.”> The grades were based on the behavior of all the lines of each multiplet
in the solar epectrum, the agreement in wave-length, and other factors. Only the “good” and “fair” lines have
been published to date. Since the grading was severe, and since predicted wave-lengths are much in demand, many
of the lines graded “poor,” but considered useful to other workers, have been retained in the R M T.

18. The Second Long Period (Rb-Xe).

These elements are observed chiefly in the solar and sun-spot spectra and later dwarf stars. Except for ¥ 1t
and Zr 11 the lists are restricted to the lines from low atomic energy levels. They are, however, more extensive
than in the earlier Multiplet Table and slightly longer than are necessary to meet present needs.

19. Forbidden lines are assuming more and more significance in astronomical sources. A special section of the
RMT (pp. 100-110) and one of the Finding List (pp. 87-96) are devoted to them. It is extremely difficult to pre-
dict what the future needs will be.

To list the array of possible predicted lines even among only abundant elements would be prohibitive. The
present selection has been based largely on suggestions made by Dr. P. Swings. He was planning to publish a paper
on this subject, but this was unknown to the writer when she was confronted with the problem of including them
in the R M T. He generously suggested that they be given here instead of in a separate paper, and has examined
the manuscript carefully. The author is extremely fortunate to have had the benefit of his extensive knowledge of
both the theoretical and astrophysical aspects of forbidden lines while preparing this section of the Table. Details
are discussed later in § 44.

1Vv. GENERAL ARRANGEMENT OF THE MULTIPLET TABLE

20. The toregoing remarks serve only as the most general guide to the scope of the material presented here. The
book is colored throughout by individual judgment in the editing of spectroscopic literature. A serious attempt has
been made to limit it in such a manner that it will be a useful astrophysical handbook. Even so, it is now more than
twice the size of the earlier edition.

21. The elements in the R M T are discussed in order of increasing atomic number, and the spectra of each
element in order of increasing ionization.

Table 1 gives a convenient arrangement of the Periodic Table of the elements. This Table is self-explanatory.
The atomic number and chemical symbol of each element are given and elements with similar spectra in the shost
and long periods are connected by diagonal lines.

! Russell, Babcock and Moore, Phys. Rev. (2) 46, 826 (No. 9), 1934. Babcock and Moore, 4. J. 101, 374, 1945,
2 Russell, Moore and Weeks, Trans. Am. Phil. Soc. 34, 111 (Part 2), 1944,
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TasLE 1

Tue Periopic TaBLE !

st 1 2
riod H He
cond 3 4
riod Li Be
rird 11 12
riod Na Mg
wurth 19 20 21 22
riod K Ca S Ti
fth 37 38 39 40
:riod Rb 8¢ Y Zr
xth 55 56 57 72
rriod Cs Ba La Hf
venth 87 88 89 90
rriod Ra Ac Th

* Atomic numbers 58-71—Rare Earths.

are 58 59 60 61
arths Ce Pr Nd (ID)

13
Al

23 24 25 26
V Cr Mn Fe

41 42 43 44

14
Si

Cb Mo (Ma) Ru

73 74 75 76
Ta W Re Os

91 92
Pa U
See below.

62 63 64 65

Sm Eu Gd Tb

27
Co

45
Rh

77

66
Dy

7

N

15
28 29
Ni Cu
46 47
Pd Ag
78 79
Pt Au
67 68
Ho Er

8
0

1
S

6 17
\Cl A
31 32 33 3 S

10
Ne

18

30 4+ 3 36
Zn Ga Ge As Se Br Kr
48 49 50 51 52 53 54
Cd In Sn Sb Te 1 Xe
80 81 82 83 84 85 8
Hg TI Pb Bi Po Rn
69 70 71

Tm Yb Lu

In Table 2 the clements arc listed in the alphabetical order of their names. The successive columns contain,
spectively, the name, the chemical symbol, and the atomic number of each element.

TaBLE 2

AvpuaseTicAL List oF ELEMENTS

Name Symbol Atomic Name Symbol Atomic Name Symbol Atomic
No. No. No.

stinium Ac 89 Chlorine Cl 17 Holmium Ho 67
uminium Al 13 Chromium Cr 24 Hydrogen H 1
atimony Sb 51 Cobalt Co 27 (Illinium 1 61)t
‘gon A 18 Columbium Cb 41 Indium In 49
rsenic As 33 Copper Cu 29 Iodine I 53
arium Ba 56 Dysprosium Dy 66 Iridium Ir 77
aryllium Be 4 Erbium Er 68 Iron Fe 26
ismuth Bi 83 Europium Eu 63 Krypton Kr 36
>ron B 5 Fluorine F 9 Lanthanum La 57
romine Br 35 Gadolinium Gd 64 Lead Pb 82
admium Cd 48 Gallium Ga 3 Lithium Li 3
aesium Cs 55 Germanium Ge 32 Lutecium Lu 71
alcium Ca 20 Gold Au 79 Magnesium Mg 12
arbon C 6 Hafnium Hf 72 Manganese Mn 25
erium Ce 58 Helium He 2 (Masurium Ma 43)1

T Not isolated.
1International Chemical Symbols—1941.
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TasLe 2—Continued

Name Symbol Atomic Name Symbol Atomic Name Symbol Atomic
No. No. ) No.
Mercury Hg 80 Radium Ra 88 Tellurium Te 52
Molybdenum Mo 42 Radon Rn 86 Terbium Tb 65
Neodymium Nd 60 Rhenium Re 75 Thallium Tl 81
Neon Ne 10 Rhodium Rh 45 Thorium Th 90
Nickel Ni 28 Rubidium Rb 37 Thulium Tm 69
Nitrogen N 7 Ruthenium Ru 44 Tin Sn 50
Osmium Os 76 Samarium Sm 62 Titanium Ti 22
Oxygen O 8 Scandium Sc 21 Tungsten w 74
Palladium Pd 46 Selenium Se 34 Uranium U 92
Phosphorus P 15 Silicon Si 14 Vanadium \4 23
Platinum Pt 78 Silver Ag 47 Xenon Xe 54
Polonium Po 84 Sodium Na 11 Ytterbium Yb 70
Potassium K 19 Strontium Sr 38 Yttrium Y 39
Praseodymium  Pr 59 Sulphur S 16 Zinc Zn 30
Protoactinium Pa 91 Tantalum Ta 73 Zirconium Zr 40

22. Headings.

Each spectrum of each element for which multiplets are given, begins with a heading containing four entries:
the ionization potential, an astrophysical grade of the analysis, a grade of the list, expressing the fraction of classified
lines listed, and finally, the date of completion of the manuscript of that spectrum. For example, Cr 1 (p. 37) starts
with the heading

Cr1 1 P6.74 Anal A List B March 1941.

23. The Ionization Potential.

For arc spectra many of these have been taken from the list published by Meggers in 1941.! For the first spark
spectra he has kindly furnished a similar list 2 which has been extensively used. The monograph by Edlén ? has fur-
nished many more, but the values have been recalculated using the factor 0.00012345 instead of the one he used
(see § 35). Edlén’s unpublished values are quoted * for Ne. For many other elements the I P has been obtained
from the limits published in the papers on analysis, as for Edlén’s results. The list by Boyce ? is frequently quoted,
particularly in the section dealing with Forbidden Lines. Those interested in the source are advised to consult
the part of the bibliography pertaining to analysis (Tables 9 and 10), or one of the above mentioned general lists.

24. The completeness of analysis from the standpoint of the astrophysicist (§§ 8-11) is indicated by four grades.
“Anal A” signifies that practically all the important lines of wave-length > 2950 are classified, “Anal B” that only
a small fraction remain unclassified, “Anal C” that a considerable proportion are unclassified and “Anal D” that the
analysis is seriously incomplete.

This rating necessarily involves a large amount of opinion and should not be given too much weight. No twec
appraisements would agree completely. Its purpose is to indicate the present state of analysis with regard to the
needs of the astronomer. '

From the viewpoint of the physicist, the state of the zerm analysis of the various spectra has been similarly
summarized elsewhere by means of grades A, B, C etc. With the aid of Hund’s theory the physicist can compare
the number of predicted and observed terms and assign a grade accordingly, whether or not most of the leading lines
occur in a given region of the spectrum. Both Boyce 5 and Shenstone ® have published extensive surveys.

On account of the different viewpoints, the two grades are often not identical for the same spectrum.

25. A similar grading “List A, B, C, or D” is introduced to indicate the percentage of classified lines of a given
spectrum included in the R M T. Since all lines of each spectrum considered are not equally useful to the astro-
physicist, the omissions have been much more drastic in some cases than in others. For example, practically every

1 Journ. Opt. Soc. Am. 31,39 (No. 1), 1941.

2 Unpublished material, April 1941. .

3 Nova Acta Regie Societatis Scientiarum Upsaliensis (IV) 9, No. 6, 1933.
4 Communicated by Swings in a letter, March 1945.

5 Rev. Mod. Phys. 13,1 (No. 1), 1941,

¢ Reports on Progress in Physics 5, 210, 1939,
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line of Fe 1 observed in the laboratory is present or accounted for in the solar spectrum.! This applies to weak as
well as strong lines. Hence, all classified lines of Fe 1 to the red of A2950 are entered and the list entry in the heading
is “List A”. Most of the spark spectra of the first long period are in this class, unless the element is scarce in stars.
For many spark spectra most of the observed lines are in the violet and ultra-violet. In such cases the list may be
very short, although graded “List A”. This means that only a small fraction of the total number of observed classi-
fied lines lie in the region considered in this book.

When all but the weakest classified lines are given, the list is graded “B”. The spectra of Na 1 and Mg rillus-
trate “List B”, the higher series members having been omitted as unimportant. In anticipation of requests for more
‘material, the general policy has been to include slightly more than is necessary. Since all classified lines are not
given, however, the list cannot be graded “A”.

“List C” denotes that most of the strong lines are entered: “List D”’, that only the leading strong lines are given.

In grading the Jists, unclassified lines have not been given consideration (although the stronger ones are listed
after the multiplets of a spectrum). The purpose of this grading is to enable the reader to judge how many classified
lines have been omitted, regardless of whether or not the analysis is complete. 'Thus for Co 11 few lines are classified,
but all these are listed.. Hence this element is in the class “Anal C, List A.”

26. The last entry at the head of each spectrum gives the month and year in which that section of manuscript
was completed. This work has extended over such a long period that the date of publication does not apply even
approximately to the date at which some spectra were last examined. It is hoped that the lists are up to date, but
if important references have been missed, or if existing unpublished material should replace that included here, the
writer invites such suggestions.

V. ARRANGEMENT OF THE MULTIPLETS OF EACH SPECTRUM

27. Reference must be made to some details of spectrum analysis in order to discuss the plan of presentation
adopted here. In brief, the atoms of a gas, when excited by radiation, absorb certain wave-lengths corresponding to
transitions of their outer electrons from lower energy levels to higher ones. From differences in the wave numbers
of the observed lines, energy levels can be worked out, each line being produced by a transition between two such
levels. - Related levels are grouped accordingly to well known rules to form spectroscopic terms. Transitions between
terms give rise to groups of related lines called multiplets.

In the RMT the terms of each spectrum have been arranged in order of increasing value of the component of
lowest energy. 'This defines the relative level of the term, starting with the lowest term zero. The excitation poten-
tials (columns 4 and 5) express in electron volts the values of the energy levels of those term components involved
in the production of each line (see §35).

To illustrate, the lowest term of Fe 1is a®D. 'This term is made up of five energy levels whose E P’s are respec-
tively 0.00, 0.05, 0.09, 0.11 and 0.12. The next term is a®F. Here the components have E P’s 0.86, 0.91, 0.95,
0.99 and 1.01. For the purposes of this book the terms are considered in order of the lowest level of each, i.e. a5D
0.00, a®F 0.86 etc. This is to avoid confusion in spectra whose term values overlap seriously.

In each spectrum all multiplets with the same low term are in one group. The various groups are listed in the
order of increasing value of the low terms. Within a group (which represents the combinations of a given low term
with higher terms) the multiplets follow the order of increasing high term values.

For example, all combinations from a*D of Fe 1 (Multiplets 1-11) form the first group. These multiplets are

listed in order of increasing high E P, 2.39, 2.82,2.93, 3.20 etc. 'The next low term is a¥F. The combinations from
this term form the next group (Multiplets 12-31) etc.

In certain multiplets, the lowest components of one or both of the terms involved are not represented. This
does not alter the arrangement. '

Whenever-the low level changes, the break in the continuity is indicated by three long dashes between the
groups. For Fe1 the first of these occurs between multiplets 11 and 12.

When terms are widely separated this arrangement results in listing the multiplets from a given low term in the
order of decreasing wave-length of the leading line of each multiplet, since increasing energy of the high terms auto-
maticaily results in increasing wave number, or decreasing wave-length.

The wave-length criterion alone was used for part of the R M T until the overlapping of terms in some complex
spectra of the first long period introduced serious complications of arrangement. Then the more rigorous procedure

1 Russell, Moore and Weeks, Trans. Am. Phil. Soc. 34 (Part 2), 111, 1944.
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described above was adopted. Some spectra had been typed before the strictly orderly listing was put into effect.
Owing to the excessive amount of labor invelved in making such minor changes, slight irregularities of arrangement
have not been corrected. For the greater part of the Table, however, the multiplets are in orderly array.

28. The energy levels that are grouped to form spectroscopic terms are defined by inner quantum numbers, com-
monly known as J-values. The terms have multiplicities (which are either all odd or all even in a given spectrum),
and are further defined by azimuthal quantum numbers L which have the values 1, 2, 3 etc. for terms labeled
S,P,D,F,G,H, I, K. The complete multiplet designation of any line includes all of these quantities for both the
lower and upper energy level involved in the production of the line.

In the R M T a simplified plan has been adopted. ‘The inner quantum numbers are listed separately from the
rest of the designation, in column six, under the heading J. The J-value belonging to the lower term comes first and
is followed by that of the higher term. In the next column, headed “Multiplet Desig” the spectroscopic designation
of the lower term is always stated first, followed by a dash, then that of the higher term. For example, in multiplet
No. 5 of Fe 1 the first line, 3719.935 has J-values 4-5. The rest of the designation is a®D-zF°. In the complete
notation the “4” appears as the subscript of a8D and § as that of zF°  i.e. aD+2°F%. The complete designation of
the second line A3737.133, is aD3-z°F°s etc. 'The “a’ and “z” merely distinguish these ’D and *F° terms from others
of the same type. This notation is discussed later in § 38. For both terms the superscript 5 denotes the multi-
plicity.

“Permitted” lines occur among combinations between two sets of terms, one “odd” and the other “even”.
The supersctipt “°” attached to °F tells that this is the odd term. When both terms belong to the same set (odd
or even), the lines are commonly called “Forbidden”.

Within a multiplet the arrangement of the individual lines is governed by the J-values. Each multiplet is
entered as if it were written in multiplet array, i. e. the lines on the main diagonal come first, then the strongest
satellite lines, then the next strongest etc. 'This is best illustrated by considering the inner quantum numbers, J,
of each type of spectroscopic term. For convenience the J-values of all terms from S through I, of multiplicities
1-11 and 2-10 are given in Table 3, which applies equally toodd or even terms.

Even multiplicites-are on the left and odd on the right half of the table. The types of terms (in order of increas-
ing L value) §, P, D, F, G, H, I are in the vertical column on the left.

To arrange any multiplet in standard array, such as Multiplet No. 5 of Fe 1, a’D-2*F°, find the J-values of the
two types of terms (odd or even) from Table 3. The term ®D is listed under multiplicity 5, and entry D on the left
(J-values are 4, 3, 2,1, 0). The term °F° has J-values 5, 4, 3, 2, 1. Write these arrays as follows, with the low
term horizontally arranged, and the high one vertically arranged:

a*D 5D4 5D3 5D 3 D 1 SD 0
Z5F°
5F°s X1
5F°, ¥1 X2
SF° Z Yy X3
8F°, Z Ys X4
5F°, ; Z5 Ya s
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J-VarLues or Spectroscoric TERMS

TasiE 3

Hfuitiplicity 2 4 6 10 3 5 7 9 11
I Term

i 5 P2 114 214 3% 415 1 2 3 4 5

2 P 114 244 34 414 5ig 2 3 4 5 6

Y 14 214 314 434 1 2 3 4 5

b4 114 2 31 0 1 2 3 4

3 D 2% 3l 434 514 614 3 4 5 6 7

% 5 3% 44 54 2 3 4 5 6

1% Y 314 414 | 2 3 4 5

b2 114 25 3 1 Z 3 4

i 13 2)4 0 1 2 3

4 F 35 414 5% 6% % 4 5 6 7 8

2% 3% 414 514 614 3 4 5 6 7

244 3% 414 534 2 3 4 5 6

124 215 34 414 2 3 4 5

134 234 314 1 2 3 4

% 1% 214 1 2 3

Y3 1% 0 1 2

5 G 414 5% 634 4 814 5 6 7 8 9

314 414 5% 614 V% 4 5 6 7 8

3% 4 5% 6% 3 4 5 6 7

214 3% 414 5% 3 4 5 6

244 314 44 2 3 4 5

114 214 3% 2 3 4

135 2 1 Z 3

b2 114 1 2

% 0 1

6 H 544 634 7% 815 914 6 7 8 9 10

45 54 6% 7% 84 5 6 7 8 9

4% 5% 6% 734 4 5 6 7 8

3% 414 514 614 4 5 6 7

3% 444 544 3 4 5 6

2% 3% 414 3 4 5

2% 3 2 3 4

15 2% 2 3

115 1 2

14 1

0

7 I 614 Y% 814 914 1014 7 8 9 10 11

514 634 % 814 934 6 7 8 5 10

514 615 7% 814 5 6 7 8 9

414 514 614 714 3 6 7 8

4% 515 634 4 5 6 7

3% 414 514 4 5 6

: 334 414 3 4 5

21 3% 3 4

2% 2 3

14 2

1
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Only those combinations between the low and high terms, for which J changes by O or %1 are “permitted”.
This rule restricts the number of lines to be expectea to those denoted by x, y, and z, where the subscripts 1, 2, 3
represent decreasing J-values. The main diagonal lines are x;—xs. The first satellites are yi—ys and the second
satellites, z1—zs.

In the R M T, the lines on the main diagonal are listed first, in order of decreasing J-values. From the example,
the first lines entered are those in the positions x,, x;, X3, X4, X5 in the Multiplet. The line at x; has the designation
a*D—2F°, at x; a8Dsz8F°etc.  In the R M T the lines of this multiplet appear in the following order:’

by J Desig

x; 3719.935 4-5 aSD-zF°

x, 3737.133 34 «

x; 3745.561 2-3 “ Main Diagonal
xy 3748264 1-2 “

x5 3745.901 0-1 “

y1 3679915 44 «

z;" 3;3222471 :;_:; « First Satellites
3 . -

vy« 3733.319 1-1 «

z1 3649.304¢ 43 “
zp 3683.054 3-2 “ Second Satellites
zg 3707.828 2-1 “

An example of a symmetrical multiplet should also be given. Multiplet No. 12 of Cr 11 (p. 43) has the desig-
nation a*P-z*P°. Since the multiplicity (4) and type of term (P) are identical for both terms, the J-values are also
identical. From Table 3 the J-values for a ‘P term are 214, 114, 14,

a‘P “Poyg Py Py
z:P°
POy X p4!
POy N X2 Y2
1Py y: X3

Here both sets of satellites involve the same J-values, 134-234, 5-13% and 233-1%3, 134-33. Throughout the
R M T for such cases, combinations in which J-values read from larger J to smaller J are entered first. Here, for
example the pair 214-114, 114-14 (y1 and y2 in bold face type above), precede the pair with J-values 114-214, 15-114
respectively.

According to elementary theory the leading line of the principal diagonal is the strongest in the multiplet, and
first satellites are stronger than the second, while the two sets of satellites in a symmetrical multiplet are comparable.!

In the majority of spectra intersystem combinations occur, i.e. those in which the multiplicities of the terms
differ by 2 or even 4, as for example multiplets 1 and 332 of Fe 1, a°D-z'D° and z'F°-e’G respectively. These
multiplets often include strong lines, particularly for the heavier elements. The rule AJ=0 or *1 is strictly
observed but there are no known formulae for the prediction of intensities, which are often apparently erratic.
When intersystem lines are strong, intensities in regular multiplets often deviate from the formulae. The inter-
system multiplets are arranged in the R M T on the “diagonal™ basis described above, so far as irregularities permit.

29. For all types of multiplets the reader must bear in mind that the arrays described above, and the J-values
in Table 3 give all the possible permitted theoretical transitions.

In many cases the R M T does not give theoretically complete multiplets. Reasons for this are:

1. When the strongest.lines of a multiplet are likely to be very weak in astrophysical sources, the weaker ones
have-been deliberately amitted even thongh they may have heen abserved in the laboratory. Omissions are indi-
cated by a “{” following the ‘“Multiplet Designation”.

2. Individual lines in a multiplet are sometimes much fainter than theoretically expected and have never been

observed. Sequences along the diagonals are thus broken. For such lines predicted positions are given only when
it is believed that they may be observable astrophysically.

! For details see Russell, Mt. Wilson Contr. No. 537; 4p. J. 83, 129, 1936.
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3. In some cases one or more components of a spectroscopic term have not yet been. indentified.

Such cases may be detected by comparing the column headed J for a given multiplet with the theoretical array
ermitted lines, just described.

30. For the more important spectra, limited lists of the leading unclassified lines follow the multiplets. The
4 T is not designed as a source for the investigator who is interested primarily in unclassified lines.

Three general factors have controlled the selection: the abundance of the element in astronomical sources, the
le of the analysis and the accuracy of the laboratory material. Under “Anal A” more lines will be unclassified
2 complex spectrum like Fz 1 than for a simpler spectrum, but the percentage of strong lines will be small. Under
1al B” there will be more and stronger unclassified lines than if the grade were A, etc.

If A. S. King has made a temperature classification of the spectrum the leading unclassified lines can be readily
sen from his lists. In such cases his temperature class follows the intensity in the RM T

Among arc spectra the lists of unclassified lines are longest for N1, 71, Cr 1, Mn 1, Fe1, Ni 1, Tm 1. Only a
lines are listed for S71, S1,Ca1, Sc1, ¥ 1, Co1, Y 1, Lu 1, and none for any other elements.

For first spark spectra the lists of unclassified lines may be summarized as follows:
rited St 11, 4 1, Fe u, Cb 11, La 11, Nd 11, Sm 11, Gd 11, Tm 11.
vy limited 0 ix, S, Clu, Tiu, ¥V u, Cru, Y u, Zr 11, Ce 11, Pr 11, Eu 11, Hf 11
asures inadequate Mn 11, Co 11, N7 11.

Lists are given for only five “third” spectra: C 11 (where a dubious classification has been suggested for the
s) N 11, 8¢ 11, S 11 and Fe ur.  The only one of any length is that of Fe . '

For some spark spectra, notably La u and Fe i it is not certain that the separation of the lines in different
tes of ionization is definitive. This is mentioned in the R M T under these spectra. For many spectra the
aration is so uncertain that no unclassified lines have been included. For no spectrum is a complete list given.

31. A few notes are appended to the list of multiplets for certain spectra. These fall into two classes: those
Jling with notation (see § 37), and those dealing with fine structure. This book does not discuss fine structure or
.ope effects in any detail. Those spectra in which the fine structure or isotope effects should be called especially
he attention of the astrophysicist have this fact mentioned, as follows:

Liu Very wide fine structure
Mg 1, Al 1 Fine structure
Hg1, Tl1 Many lines show fine structure

Heu, Bi1 Wide fine structure.

COLUMNS OF THE TABLE OF MULTIPLETS
32. Wave-length.

The data for each spectrum are given in seven columns. The first contains the lgboratory wave-length in I A
ts. In the earlier edition solar wave-lengths were listed for all but the lighter elements (see § 5). Since any
ar line may be a blend, it was decided to replace this entry by laboratory material. An effort has been made to
:ct the best available wave-length for each line. The individual lists are far from homogeneous—there is often
enormous range in accuracy among the lines of a given spectrum.

The reference from which each line has been taken is indicated in column two, by the letters A, B, Cetc. Table
5. xxiv), contains the number of the reference in the bibliography to which the letters refer. The letter “P” in this
imn denotes throughout that the wave-length is predicted from the laboratory term values, which may be found
the references to analysis, Table 9 (p. xxvii).

The order of the letters represents roughly the estimated precision of the measures, but this must not be inter-
ted too literally because some investigators have measured only limited regions of a spectrum. Consequently,
eral accurate sources may be used within a multiplet. Furthermore, the letters A, B, etc. denote very different
rees of accuracy for-different spectra. While the earlier letters of the alphabet are the more favored choices, it
1ld be erroneous to conclude that the letters are arranged strictly according to the writer’s rating of the accuracy
-he measures.
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33. Symbols in the RM T.

Since most of the symbols occur in column one, they will all be described here.

Wave-length column:

// This symbol follows the wave-length of the “Raie Ultime” as determined from observations in the laboratory.
High transition probabilities as well as low energy levels are involved, and they do not always come from the lowest

levels. When the known Raies Ultimes are to the violet of 12950 they are not included in the R M'T, With the

exception of Eu 11! they are ali quoted from Meggers 2, who generously furnished the data on first spark spectra 3 in
advance of publication.

* An asterisk precedes the wave-length throughout the R M T to denote a blend. If no symbol follows the
wave-length, the line is blended with another line in the same spectrum. For example, the line *2970.106 appears
in multiplets 10 and 11 of Fe 1.

An “*” is also used to denote blended intensities. For symbols in the intensity column see § 34G.

§ This symbol follows the wave-length (an “*’ always preceding) to indicate a blend of an arc and spark line;
or of two spark lines of the same element in spectra of different degrees of ionization. When this pair of symbols
appears with an arc line it denotes that the arc line is blended with a line in the first spark spectrum of the element.
Similarly, if it appears with a line in a first spark spectrum, the spark line is blended with an arc line of that element.
Examples:

Fe 1 Multiplet No. 28 *3116.633§—Blend of Fe 1 and Fe 11.

Cr i Multiplet No. 4  *3349.34§—Blend of Cr 11 and Cr 1.

All uses of pairs of symbols not covered by the general cases of blends of arc lines with those in the first spark
spectra or vice-versa, as described above, are summarized in Table 4, where another pair of symbols “* and §§” is
also introduced.

TaABLE 4

SymBoLs DEnoTinGg BLENDS—SPEcCIAL CASES

Spectrum *and § *and §§
Cu | Cu and Cmt
Cm | e Cm “ Cu
Pu Pu and Pin Pu “ P
P Pumm ¢ Pu P “ Priv
Piv Piwv “ P Piv “ Pu
Su Su “ S
S . Sm “ Su
Km Km “ Ku
Feu | ... Fen “ Fewmn
Fe ur Fem “ Fen Femr “ Fe1

Column one of Table 4 indicates the spectrum in which the symbols are found. Columns two and three of the
Table contain the pairs of symbols used and the meaning of each. For example:

C 11 Multiplet No. 45 *4368.14§§~—Rlend of € 11 and € 1.

S 11 Multiplet No. 50 *3860.64§—Blend of S 11 and S 1.

The symbols mentioned above apply to blended lines which have come to the attention of the writer, but doubt-
less many more blends exist than are thus noted. A careful examination of the Finding List should reveal any
important blends, but this list was prepared after the R M T was typed, and consequently could not be used to
check the thoroughness with which the blended lines are marked.

m An “m” preceding the wave-length indicates that the line is masked (see § 34F).

t This symbol follows the Multiplet Designation to call attention to the fact that not all the lines observed in
the multiplet are listed in the R M T. The violet limit 22950 explains the omission of some strong lines. Most of
the omitted lines are too faint to be of astrophysical importance. '

! Rugsell, Unpublished material.

2 Meggers, Journ. Opt. Soc. Am. 31, 39 (No. 1), 1941.
* April 1941 ? 3 Mo D)
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34. Intensity.

Column three contains the estimated laboratory intensity. It has been included only because of persistent
uests. The intensities must be used with great caution not only because of the glaring lack of homogeneity in the
imates, but also on account of the difference in the intensity scales used by various investigators.

For each spectrum the writer has tried to adopt the best existing set of estimates made by a good observer who

covered a long range of wave-length. In the red, the intensities by Meggers and Kiess have been the first choice.
the visible, the arc intensities by A. S. King are given for arc spectra and for first spark spectra of the rare earths.
- other spark spectra, spark intensities have been used.

When thé intensities of the lines of a spectrum are taken from one or two main references they are not given
>arentheses. If only a few intensities are from one source, or if the listed ones are probably on a very different
le from the majority used for a spectrum, parentheses are used. In general, the parentheses denote that the
:nsity is not the first or second choice. Table 8, Page xxvi, gives the references from which the intensities have
n taken. The reader is warned not to assume that the wave-length and intensity come from the same reference.
is may be the case, but frequently it is not.

The intensity column contains several types of notes discussed below under entries A to G:

A The letters used to describe the intensities are as follows:

d Double

g Ghost; g coin Ghost coincident; gn Ghost near
1 Shaded to longer wave-length ?

n Diffuse (without structure) or hazy

N Very diffuse (without structure) or very hazy

p Part of band

r Narrow self-reversal

R Wide self-reversal

s Shaded to shorter wave-length (noted by “v” or “ny” in some papers)!
tr Trace

w Wide (fine structure type), broad or complex

W Very wide (fine structure type) or very broad

B The intensity column is often blank for predicted lines because most of them have not been observed in the

oratory. If the predicted position is assumed to be more accurate than the measured one, the laboratory intensity
iven with a predicted wave-length.

C A dash indicates that the line is so faint that no laboratory intensity has been assigned, except for &, D and
11, where no intensities are listed.

D “Forb” indicates that the line is forbidden but has been observed in the laboratory. Lines due to Stark Effect
thus marked.

E Familiar “names” of selected lines are included:

Series Names:

H Ha, HB etc.

D De, DB
Fraunhofer Names:

He1 Dy

Na 1 D and D,
Can HandK

F When an important line is masked, “m” precedes the wave-length, the predicted position of the masked line
iven, and the spectrum to which the masking line belongs, is noted by the chemical symbol in the intensity column.
: Roman numerals have been omitted except for masked lines of Fe tu1.  If for example “Fe” or “T7” appears.in
1nten51ty column, the line in question is masked by Fe 1 or Ti 1 the “1” being omitted because of the limited

ce in this column. Similarly, a “+” is mostl; used for first spark spectra in place of “11,” although the con-
tional use of Roman numerals is fully recognized.

: Recommended by the International Astronomical Union—Trans, Intern. Astr. Union 6, 100, 1938.
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G Symbols in the intensity column:
* Blended Intensity

© Predicted line of Fe1 present in the solar spectrum; O? denotes that the solar identification as Fe1 is
subject to some question.

35. Columns four and five give the low and high excitation potentials (E P) of the levels involved in the produc-
tion of the line (see § 27). Some E P’s are given in parentheses in the R M T fo denote that they are not accurately
known.

In analyzing a spectrum it often happens that two or more sets of terms of different multiplicity exist that are
unconnected, since no intersystem combinations have beén detected. If long series, whose correctness is unques-
tionable, can be found, the limits furnish a fairly accurate determiration of the relative positions of the different
types of terms. This is the case for Be 1, B 11, C 111, O 111, and O 1v, but no symbol has been introduced to indicate
that intersystem combinations have not been observed.

Thé limits are less accurate for N 11, N 1v, O 11, O v and F 1. The E P’s affected by this are in parentheses.

For Ce 11, two sets of terms are well known but they are unconnected. For this reason the lines are listed in
two Groups, I and II. Within each group the relative values of the E P’s are correct, but the termsin Group I are
believed to be lower than those in Group II by about 0.6 volt.! In Group II all values are, therefore, enclosed in
parentheses. v

For Ce 11 parentheses are used because the lowest level may not have been found.

For Si 11, P 11 and Mn 11 some terms are established by their internal separations, but are entirely unconnected
with the rest of the terms. Here the E P columns contain question marks.

In the earlier Muitiplet "L'able all E P’s were obtained by multiplying the term values in cm—* by the factor
0.00012345. An improved value of this factor, 0.00012336, was published by Birge? in 1929. Since then he has
announced that 0.00012395 is more nearly correct 3. This last change deserves serious consideration—it involves
a change in “e”, the charge on the eleétron, which will doubtless be carefully checked experimentally in the neai
future. The change is surprisingly large and affects many calculations of an astrophysical nature.

Although it is wrong, in principle, to perpetuate the use of an incorrect value of a fundamental physical constant,
the old value 0.00012345 has been used throughout the R M T in calculating the E P’s (and I P’s for which the limits
were known. See § 23). The reason is threefold:

1. Theerrors in stellar temperatures and other quantities based on observational data far exceed those introduced
by the change in this factor.

2. Until a definitive value of the constant is available it has seemed an unjustifiable expenditure of time and
money to revise the extensive calculations, many of which had already been done with the oldest value.

: .

3. The change in the value of “e” enters into so many calculations, that to recalculate the E P’s and I P’s is
far from sufficient. As soon as the new value is confirmed without likelihood of further change, it should be used ir
all calculations of astrophysical importance.

The last two columns contain J-values and Multiplet Designations. These have already been discussed ir
§ 28, but a few comments'are in order. When levels of a term are so close that they are unresolved, all the J-value:
for the term should be listed. ‘This is impossible because of limited space, and consequently the column headed J i
frequently blank or has the J-value of only one level entered.

The multiplet numbers which appear in parentheses under the Multiplet Designation are reference number:
to be used in locating any line. (See §6). In each spectrum the numbers start with “1.” All lines in a multiple
have the same multiplet number. These numbers are entered in the Finding List.

VII. SPECTROSCOPIC NOTATION
The notation used in the column headed “Multiplet Designation” differs for spectra which contain conspicuow
series and for the complex spectra which do not.

A. Series Spectra

36. For many elements the spectra become more complex as the degree of ionization decreases. The terms o
each spectrum are the parent terms or “limits” of the terms in the spectrum of the next lower degree of ionization
The addition of s, p, d, f, etc. electrons to éach limit produces arrays of terms accurately predictable from theory.

t Harrison, Albertson and Hosford, Journ. Opt. Soc. Am. 31, 439 (No. 6), 1941.
2 Phys. Reo. Suppl. 1, 62 (No. 1), 1929.
8 Rev. Mod. Phys. 13, 237 (No. 4), 1941; Reporis on Progress in Physics 8, 131, 1941.
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"The simplest case is illustrated by O vi. Here the lowest term of O vi1, 15?18, is so much lower than any other
no other limit need be considered. The addition of a “running” s, p, d, f . . . electron to this state produces
s of doublet S, P°, D, F°. .. terms in O vi. In this case the electron and the terms are of the same type. For
aple, the ground term of O v1 is 1s?2s 28, and the next term 1s22p *P°. The term type and total quantum num-
»f the running electron suffice to define the configuration. In the R M T the notation 22§, 22P° etc. is used in
tra of this type. To illustrate, Multiplet No. 1 of Li 1 has the designation 228-22P°, (Other features of the
tion are discussed in §28 and in Table 3).

The case of O v is more complicated because 2?P° of O v1 is not much higher than 22§ and terms from both
ts are important. The addition of a running electron to these. limits gives the following terms:

Limit 1s22s ) 1s22p 2p°
Added Config Terms Config Terms
Electron
3s 1522s3s ] 38 1s22p3s 1pe , °P°
3p 1s22s3p 1pe ipe 1522p3p 18 P D, 38 p D
3d 1s%2s3d D D 1s22p3d 1pe 1pe 1Fe . 3p° sp° 3F°

configuration is 1s22s? gives only !S; and 1s22p? only 'S 'D 3P.
It appears from this array that if the terms having the limit 225 in O v1 are labeled 318, 338, 31P°, 3°P°, 3D, 3D,

those from 27P° are labeled 3s'P°, 3s°P°, 3p'S ... .. 3d'P° no ambiguity occurs. This notation has been
sted in the R M T for a number of spectra in which two limits, one odd and one even, had to be considered.

When two or more of the effective limits are all even or all odd an addition to this notation is necessary. For
1s derived from the lowest of such a group of limits, the running electron is gives as before; for those derived
1 the next higher limit a prime is affixed; and for thosc from the limit above this a doublc prime. Where the
st limit is an § term, the type of the electron and of the term itself are the same, and the former is omitted.
example, the limiting terms in O 11 are 48°,2D° and ?P° in order. The addition of a 3p electron to these gives
ong others) the terms in O 1 here called 3°P from ¢S°, 3p” 2D from 2D° and 3p” *D from 2P°.

In several specira there remain terms which cannot be described by this scheme: but it has been found possible
ive a special abbreviated form of the configuration notation, etc. which make their nature intelligible to one
ed in the theory of spectral structure.

There is at present no general agreement regarding the use of abbreviated notation of this sort. The notation
adopted has been largely influenced by the limitations of the photographic process—and is not presented as an
1 system—but it illustrates the glaring need for the preparation and general adoption of a better one.

37. Special Cases. )

The notation used in the R M T for Ne 1, Na 11, 4 1, K 11 and Ca 111 deserves special mention. Paschen’s nota-
formerly used for spectra of this type defined the total quantum number and the type of electron, but introduced
icripts that were not inner quantum numbers. A revised notation which is given in detail by Bacher and Goud-
:1is adopted here. The levels with “s” electrons were called by Paschen ss, ss, 54 and ss; those with “p” electrons
:p1to ppetc. In this book the subscripts used by Paschen have been omitied but the rest of his notation is
ined with numbers assigned to the levels, in order of incteasing values for the lowest group of levels of each type.
the members of a series have the same number, but with this arrangement homologous levels which have the
e J-values for different elements are not always assigned the same index number. Ne 1illustrates the changes:

Ne 1 NoraTion

Paschen Revised ‘ Paschen Revised
355 3s1 s
Iss 3s 2° 4d; 44 1°

............ 4ds 44 2°
3p1o 3p1 4d’, 44 3°
3ps 3p 2 4d; 4d 4°
3ps 3p K 2

Atomic Energy States, McGraw Hill, New York, London, 1932. .
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Most. of the levels for spectra of this type are not grouped into terms and consequently multiplets in the ordi-
nary sense cannot be listed. Arbitrary groups of lines have been formed and numbered to [facilitate the search for a
given line. In Ne1 for example, all important lines from the level 3s 1° combining with “3p” levels have multiplet
number 1; those from 3s 1° combining with 4p levels have multiplet number 2 etc. ‘

B. CompLEX SPECTRA

38. In the majority of complex spectra the terms are so numerous that it is impracticable to designate them by
their configurations. For these spectra the prefixes a, b, ¢, d are assigned to the low terms of each type and z, y, x
etc. to those which combine with them. In Fe 1, for example, the lowest °F term is a®F, the next higher one b®F etc.
There are ten 3G° terms. They are labeled z8G°, y3G°® . ... ... q?G°. In Multiplet No. 449 the designation is
b*G-t*G°. Here the low term is the second 3G term as indicated by the prefix “b”. The high term is the seventh
odd 3G term, as indicated by “t”.

39. In many complex spectra it is impossible to group all known levels into spectroscopic terms. These miscel-
laneous levels are assigned numbers, and the superscript “®” if they belong to the odd set. Many combinations
between terms and miscellaneous levels are given in the R M T and assigned multiplet numbers. For example, the
designation of multiplet number 450 of Fe 1 is b®G-12°.

Numbered levels are numerous in spectra of the rare earths. The arrangement is similar to that described ir
§ 27, i.e. the lines from a given low term are listed in order of increasing E P of the numbered levels.

In Sm 11 only the low levels have been grouped into terms. All high levels are numbered odd levels. In the
R MT the combinations of the separate components of the low terms with arbitrarily grouped odd levels are assignec
multiplet numbers. For example, the combinations of a8Fy with the levels labeled 1°, 2°, 5°, 23°, 35°, 37° have
multiplet number 1. The E P’s increase for the various groups similarly to those in spectra with regular terms, a:
discussed in §27.

VIII. SPECIAL NOTES ON INDIVIDUAL SPECTRA

40. H The wave-lengths listed for these spectra have been calculated for the center of gravity of the lines
D taking #nto account the fine structure, and using the values of Ry, Rp and Ry, respectively, giver
He:u by Birge in 1941 1. These computations were made by Dr. J. E. Mack for inclusion here. The

writer is deeply indebted to Dr. Mack for his cordial cooperation in furnishing this unpublishec
material.

No intensities have been included for these spectra.

Ou Improved term values are needed. The writer has constructed the multiplets from Edlén’s tern
list. Measures by different investigators are discordant, and considerable editing has been done
especially in the interpretation of blends.

For the sextet terms the configuration in abbreviated form is used to indicate that the terms
are from the high limit sp? 5S° in O 111, namely : sp?3p P, sp®3d °D°, sp4s 65°.

KNai1 The fine structure components of D; and D, have been measured with the interferometer by
Meissner and Luft 2, as follows:

Dy Ds

5895.9316 5889.9579

5895.9103 5889.9380

gm‘?’_"f}5895.9236 5889.9504
ravity

The measures listed in the R M T are taken from a source where the lines appeared as im
purities, since it was thought that for astrophysical purposes these measures might be preferabl
to those of the fine structure compenents.

The two lines A11403 and A\11381 were also measured as impurities.

Improved laboratory intensities are needed for Na 1.

L Rso. Mod. Phys. 13, 233 (No. 4), 1941,
2 dnn. der Phys. (5) 29, 698, 1937,
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Na 11 The changes made in the Paschen notation for Na 11 have been discussed in § 37. Some terms are
also known in this spectrum, and two types of notation appear. The lines are listed in order of
increasing low level and these /evels combine with the terms. Although no complete multiplets
are listed, multiplet numbers have been assigned as usual. For example, multiplet No. 17 is
3p 9-4s°P°. In spectra of this type no attempt has been made to indicate omitted lines by the use
of 2 “4”. The “List D” indicates that only the leading lines are listed.

Mg 1 Two sets of series, 3'1D-1F° and 3*D—*F° have been extended by the use of infra-red solar wave-lengths
from Babcock’s Table (see § 15)!. This has been done on the assumption that the F* and *F°
terms are coincident, as Paschen suggested for the first members of the series. The predicted
wave-lengths in the R M T are obtained from solar term values. The series appear to be so well
confirmed that the solar wave-lengths are preferable to the predicted ones, but for uniformity, no
exception has been made for these series lines of My 1.

In Multiplets 7, 8 and 9 the J-values and designation apply to all three lines entered. In each
case singlet combinations are involved. Normally one one line is observed in a combination of
this type, but the fine structure components of each line are listed.

Al 11 The G and H terms given by Paschen and Ritschl 2 are in both cases assumed to be coincident singlet
and triplet terms. When combinations of these terms with singlet terms are listed in the RM T,
1G or 'H® has been used in place of *G or *H°. BSimilarly, the last three entries are given as
singlet combinations, but in reality they are probably singlet and triplet combinations. Double
multiplicities for unresolved terms have not been used in the RM T.

Si 11 Owing to the use of the photographic method of publication, it has been impossible to add lines
without retyping one or more pages. One predicted multiplet of S¢ 11 has been omitted which
should possibly have been inserted.

1A Ref EP J Multiplet
Low High Desig
4075.81 P 9.80 12.82 2%4-135 3'D~52p°

4077.09 P 9.79 12.82 114~ 14
4073.05 P 9.79 12.82 134134

P 11 The multiplets are listed slightly out of order, but it was thought unnecessary to retype the page on
this account.

S 11 The measures by different observers are very discordant. This spectrum needs thorough observa-
tion. Accurate wave-lengths, intensity estimates and term values, and further analysis are
desirable.

A4 11 This spectrum is fairly well analyzed but needs careful editing before a definitive analysis can be
published. Rosenthal® has measured many lines and from his measures alone a consistent set of
term values .could probably be calculated. The lists of classified lines are not homogeneous and
a larger residual in the observed minus calculated wave number must be permitted than for most
spectra. The multiplets listed in the R M T appear to be fairly satisfactory in spite of the inac-
curate term values,

One term, labeled a?P by de Bruin is puzzling because it has no configuration assignment.
It has been retained, but needs to be checked carefully when the analysis is carried further. This
is the only case where both the running electron notation and the prefix “a” appear in a given

spectrum.

Ca 1 Although the analyses of these spectra are almost completed, the spectra require further laboratory
Ca1  observation. Accurate wave-lengths, especially of the fainter lines are urgently needed. 1t is
surprisingly difficult to obtain accordant term values. The interferometer measures made at
Allegheny furnish an excellent starting point, but these spectra still invite the attention of the
laboratory investigator, from the violet through the infra-red.
scock and Moore, 4p. J. 101, 374, 1945,

n. der Phys. (5) 18, 867, 1933,
n. der Phys. (5) 4, 49, 1930,
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Sc 11 Multiplet No. 9. Enter intensity 2 for A3923.503.

41. Fe1 The rigorous arrangement of multiplets described in § 27 applies only approximately to Fe 1. In this
spectrum the multiplet numbers reach 1352 but this figure is not definitive. Owing to an extension
of the analysis which altered some term assignments, a number of multiplets were rearranged after
the lines and multiplet numbers had been entered and checked in the Finding List.

All the revisions were entered in the R M T. For unchanged multiplets the original multiplet
numbers were retained. The revised multiplets were inserted as nearly as possible in the correct
place and assigned the 4available numbers, or to avoid duplication, 2 number followed by “a”.
As a result of these changes the multiplets do not always have consecutive numbers and some
numbers are omitted. The renumbering of all the multiplets entailed so many changes in the
Finding List that it was not undertaken.

In three multiplets of Fe 1, Nos. 3,7 and 81, an “R” is entered under the multiplet number.
A line has been inadvertently omitted from each of these multiplets. The omitted lines are listed
on page 65 at the end of the Fe 1 multiplets, and preceding the list of unclassified lines.

In multiplet No. 78, columns one and two, A3497.137 V should read 3497.15 P.
Multiplet No. 1151 should be rejected; 24618.568 is erroneous.

Ni1 Attention has been called to the fact that the intensities in Multiplet No. 62 are not so abnormal
as indicated here. It has been impossible to insert revised estimates.

Rh 11 The use of the symbol “1” to denote omitted lines has not been checked owing to the lack of
a complete line list. ~ It has been assumed from the term lists that the fainter members of the
multiplets thus marked have been observed.

Ce 1 The lack of connection between Groups I and II has been mentioned (§ 35). It is assumed that the
terms in Group [ are the lower set.

The prefizes a, b and ¢ etc. have been assigned to the low set of terms of each Group. There
can be no ambiguity because in Group I the low set is even, while in Group II it is odd.

W 1 All the miscellaneous levels published by Laun ! have been numbered in order. These numbers are
used in the R M T in place of Laun’s notation.

IX. SPECTRA OMITTED FROM THER M T.
These may be grouped in several general classes.
42, Spectra of probable astrophysical importance for which there is no analysis to date.

These spectra are mentioned in the R M T in the appropriate place with the remark “No Analysis” and the date.
If A. S. King has assigned a Temperature Class to the lines, this fact is noted. For example: page 86, Ce1 Nc
Analysis May 1942 (Temperature Class). The spectra in this class are listed in Table 5.

“ TaBLE S
SpecTrA OMITTED FROM R M T

No Anavysis

Spectrum Ref. to Spectrum . Ref. to
Temp. Class Temp. Class
Ce1 215 Dy 1 217
Pr: 215 Dyu 217, 229
Nd1 219 Ho1 217
Tb1 217 Hon 217
Tb 11 217 Thi 123

All but T4 1 have been observed by A.S. King. The bibliography numbers of the references to the work o1
temperature classification are entered in column two.

t Bur. St. Journ. Res. 21, 207 (RP 1125), 1938,
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43. Analyzed spectra having lines observed in the visible region, but omitted from the R M T as unimportant
strophysically.

These spectra are mentioned in the R M T with the remark “See Introduction”. They are listed in Table 6
ith numbers from the bibliography referring to the papers on analysis.

TaBLE 6
SpECTRA OMITTED FROM R M T

NoT oF ASTROPHYSICAL INTEREST

Spectrum Ref. to Spectrum Ref. to Spectrum Ref. to

Analysis Analysis Analysis

Bt 16, 89 Rb 11 238 Cs 11 309, 405
Fiv 84 Pdu 384, 24 Ta 11 192
Fvi 83, 87 Ag 11 383, 24 Pt 387
Clv 31,32 Cdu 372, 401 Aun 324
Ga1r 376 Inu 317 Hgu 313
Se 1 244 Sb u 236 Tlu 106
Bri 194 I: 107, 69, 325 Pbu 80

Bru 232 Iu 232 Bin 64, 115
Kr1 274, 276, 165 Xer 156 Rn1 329
Krn 83 Xe 11 1588 Th 11 54

The low abundance of these elements in celestial sources, and the high E P of the lines in the visible region have
een the determining factors for omission.

44, There are three types of spectra for which little or nothing is known:

Er, U. Lines have been observed in spectra of these elements, but the spectra of various degrees of ionization
ave not been separated.

Te 1, Re 11, Os 11, Ir 11, Po, Ac, Pa. The writer has found no references to work on these spectra.

Ma, II, 85, 87. There is nothing known about these elements. It appears doubtful whether they have been
iccessfully isoldted.

No reference is made in the body of the R M T to those spectra whose leading lines are in the region to the
iolet of A2950, since this is a book designed for astrophysical use. Selected spectra of this type are included in the
:ction dealing with Forbidden Lines (see § 45 and pp. 100-110).

.. FORBIDDEN LINES

45. The author of a “Multiplet Table of Astrophysical Interest” published in 1945 is obliged to consider the
robable importance of the forbidden lines of a/l abundant elements. This is indicated by the work of Bowen on
ebular lines, of Edlén on coronal lines, and of Swings, Merrill and others on various astronomical spectra.

Following the body of the R M T is a Table of Forbidden Lines of Astrophysical Interest (pp. 100-110). This
‘able is arranged in detail similarly to the RM T. The lines in a multiplet are listed by diagonals and the multiplets
re listed in the order described in § 27. In order to avoid duplication, all multiplets of forbidden lines have an “F”
llowing the multiplet number, 1F, 2F etc. Unlike the R M T, the headings for each spectrum contain only the
ame of spectrum and the I P. No grading of analysie or list has been attempted and no date of completion of the
1anuscript is given. All of this section has been written between January and May 1945.

In preparing this manuscript the writer has been most cordially assisted by Dr. Swings. He has edited the lists
nd offered many valuable suggestions concerning the limitations of the Tahle. No explicit statement can he made
s to the principles of selection adopted, but severe restrictions have been necessary in complex spectra because of
1e great array of possible forbidden transitions. For simple spectra only a limited number of transitions occurs,
ut as the complexity increases the number increases rapidly. The general principles followed are:

A Only transitions from metastable states are forbidden. Consequertly only the lowest terms in a spectrum
‘e considered.

1 Lines of B 1 have not been observed in the visible, but should exist.
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B The lists are restricted to multiplets involving likely combinations as regards mu!“inlicity and azimuthal

quantum numbers, except for those in which the lowest terms are invoived. In #r 1, for ezawy
combinations and more unlikely combinations from the lowest term, a®D are listed than from hi

C Transitions involving AJ= +2 as well as AJ=0 or %1 are listed for the multiplets most likely to be im-
portant. ' :

D The high E P is limited to about 4.0 for the most abundant elements and to about 3.5 for are spacira of theee
elements.

E The licte have been extended to include lines that may be important in the red and infra red.
lines of neutral atoms are included only for the most abundant elements.

The multiplets listed must be interpreted with caution, because of these restrictions. If complete multiplet
arrays are written up from Table 3, lines omitted from any multiplet among the forbidden lines can bhe detarted.
Those interested in longer lists must construct thém from the term lists given in the papers on the analysis of each
spectrum (Table 10 p. xxix).

The great majority of forbidden lines are predicted from the term values. If accurate measures have been
obtained, they are entered with a letter indicating the source, as follows:

N Nebular Nu, OO, Neqty, Nev, S 11
L Laboratory C1
A Auroral 01

C Coronal Entered under the predicted positions of lines of highly ionized ¥z and N

When term values permit, the wave-lengths of predicted lines have been calculated to two decimal places. For
some spectra the term values are not accurately known, but the internal separations are well established. For these

the position is given to 0.1 A. For the most inaccurate wave-lengths no decimals are recorded and in very dubious
cases a “!” follows the wave-length,

Some I P’s and some predicted wave-lengths have been obtained by interpolation or extrapolation along the
isoelectronic sequences. These are:

Term 1P
Sp Term Sp Term Sp Sp

Clu 18 Cava 18 Cav Fex

S xu p Caxv 3P Sevi Fex

A m 18 Fexv 3P° V v Fe zx

Ax P Nixuz 2P° Cr vi Fe xay

Axiy 2P° Nixmt P, 1D Crix Fe xv

Kv 2po2n° Ni xv 3P Mn 1x Ca xr

Kwvi 15 Ni xvi ?P° Mn x Ni xm
Ni xv

As in the body of the R M T, E P’s in parentheses denote that the terms involved do not have observad connec-
tions with the rest of the terms of the spectrum,

Dr. Swings has pointed out that forbidden lines are essentially emission lines, and therefore, astrophysically the
high E P is the important one. For this reason the multiplets of a spectrum should be listed by high E P rather
than by low E P (§ 27). It is fully recognized that emission lines are better handled in this order and it is hoped
that all multiplets having the same high term can be readily selected in any spectrum. 'The arrangement by low
terms has been adopted merely for the sake of uniformity.

Another highly significant comment has been made by Dr. Swings !, namely, that “certain forbidden transiticns
that are not directly observable may play a role in astronomy, for example, by floursscence excitation, icnization or
dissociation.”

! Letter, May 1945.



The importance of lines in the extreme violet such as A303.7 of He 11, A303.7 and A374.4 of O 111 and the pair at
374.4 of N 111, in producing the nebular lines has been fully discussed by Bowen !. The violet limit, A2950, imposed
1 this book has excluded both permitted and forbidden lines in the vielet that are extremely important in the inter-
retation of forbidden lines observed in astronomical spectra. Readers are, therefore, urged to consult the individual
apers on this.subject, as it has been regarded as beyond the scope of the present work.

:I DETAILS OF PUBLICATION

The preparation of the manuscript of this book has covered such a long period of time that the typing has been
ore as various spectra were finished, which is not in the order of increasing atomic number. It has been practically
npossible to terminate every section of the manuscript at the end of a typed page. Some important insertions have
Iso broken the coutinuity of typing. Consequently, the pages arc frequently uncqual in length and some have large
aps. No serious effort has been made to avoid irregularities of this kind, for two reasons: first, the retyping and
echecking of these large pages in order to adjust spacing has seemed an unjustifiable procedure, particularly since
here is always the chance of introducing new errors in handling so much tabular data; second, the blank spaces may
rove to be useful for notes.

Doubtless there are more serious irregularities, namely inconsistencies in notation of similar spectra. During
he course of the work the manuscript has been widely distributed to interested investigators. To dateit has never all
een assembled in one place. L'he writer has been unable to remember alil the details connected with each spectrum,
ut has proceeded on the assumption that minor irregularities would not impair the value of the R M T so seriously
s the delays required to correct all of them.

46. Oune of the purposes of this book has been to provide adequate material for fairly definitive identifications
f solar lines. Mention has been made of the forthcoming publication by Babcock and others on the Infra-Red
wolar Spectrum A6600-13495 (§§ 7, 15). A similar program covering the violet solar spectrum is being carried on
t Mount Wilson by Babcock. The writer has been working on the identifications of the solar lines throughout the
ntire solar spectrum, with the aid of the manuscript of the R M T. The publication of the results to the violet of
6600 has been postponed in order to complete the present book. It is planned to publish them as soon as possible.

I, BIBLIOGRAPHY

Following the text is a Bibliography in which all references used in the preparation of this book are listed in the
Iphabetical order of the names of the authors. Each reference is assigned a number for purposes of cross reference.

47. In the R M T (cacluding the section on Forbidden Lines) cach spectrum has three sets of references: one
iving the sources from which the wave-lengths have been taken—Table 7; one giving the first, second, etc. choices
f references for intensity estimates—Table 8; and one referring to papers on analysis—Table 9.

The Tables are arranged similarly. In each, the first column gives the chemical symbol of the element and the
pectruim (1=arc, 11 first spark etc.), the second the number with which to enter the Bibliography. InTable 7 the letters
L, B, C, etc. are taken from column 2 of the R M T for each spectrum. In Table 8 the first choice for intensity is
wdicated in column one, the second in column two etc. In general, reference numbers are in italics when the intensi-
ies from the reference are in parentheses in the R M T (see § 34). Table 9 does not list choices. It contains ref-
rences to papers on analysis that were used in compiling the R M T.

Table 10 gives the sources used for analysis of spectra contained in the Table of Forbidden Lines. Itis arranged
milarly to Table 9.

Following the Bibliography are an index by pages, and one by elements arranged in the alphabetical order of the
semical symbols.

tAp. j. 81,1, 1935
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TasLe 7

REFERENCES—WAVE-LENGTH

Sp A B C D E F Sp A BCDEFGH I J KL
H 243 Clu |19
D 243 Cl i 31 27
He: | 263 299 319 174 275 Ax 277 154 263
He nn 243 Au 340 18 48 47
Li 206 175 149 A 49 51
Liu | 378 404 Aw 50
Ber | 318 315 149 K1 149 403 263 259 88 116 108 380
Ben 318 Ko 46
B 81 K m 47a Sla
Bm | 81 Ca1 [403 66 259 369 373 241 374
C: 185 300 169 160 370 ga mo | 168 403 66 375 390
a 111 11
Cu 122 81 8 Sc1 | 245 253 349
Cm | 81 121 Scu | 245 253
Cwv 81 Sc 172
hE 93 78 160 370 Tir | 178 65 185 282 245 201 212 348 199 172 177 21
Nu | 20 125 120 Tim |178 65 245 201 347 172
N 11 124 81 T 364
N | 126 81 Vi 264 368 245 242 266 213 109
Or 98 263 127 116 316 128 V:I e
Oun 20 118 301
Cri | 183 184 245 142 m‘*}m
Om | 119 86 302 1213
O 81 126 86 Cru 184 245 142 110
Ov 81 Mn:i 260 245 246 131
Ovr | 81 Mn {67} 245 108
Fi 88 68
Fu 73 Fer*
Fum 72 85 Fen 76 222 55
Net | 162 277 154 276 311 263 Feur | 103 102 222
New | 52 Cor 56 282 245 280 71 230 62 147
Na: | 149 116 263 298 259 338 Com | 255
Ni1 282 245 178 143 109 146 280 398
Nau | 130 393 Nim |252 245 111
Mg: | 295 314 141 261 116 Cu: | 38 ~
Mgu | 116 Cur | 137
Alt | 403 315 116 319 310 Zn: | 149
Al 1z 319 377 Zn 11 149 319
Almr | 312 Ga1 402
Sir | 186 Ger |188 245
Sim | 117 Geu |188 235
Si 117 As1 273
Sitv 117 101 As 1f 328
P 180 Se1 189
Pu | 133 181 70 Rb: | 149 333
P | 133 Sr1 | 399 245 116
P 133 Sr1r 399
Pv | 133 Y1 | 254 245
St 297 129 You | 254 351 245
Si1i1 1537 19 138 25 136 Zry 197 282
S 157 159 Zr 1t 196
Siv | 303 Cbr | 283
Cl: | 182 Cou | 283

* See references for Fe 1 at end of Table 7.
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TasLE 7—Continued

REerFERENCES—Wave-LENGTH

Sp A B C D E Sp A B C D E Sp A B C D E
To1 326 176 113 Cen | 144 9 245 Ta1 200

forr | 245 113 Cer | 362 » Wi 22

uI 245 Pru 339 245 Wu 239

un | 272 Nd 11 10 245 219 Re1 257

hi | 304 St {221} {221} Ost | 245

hu | 150 4 2] Ir: 6

dr 256 109 Smu | 221 Pt1 109

g1 149 Eu: 223 Au1 324

dr 149 163 Eum | 223 Hg: 396 166
11 402 Gd1 225 Tl 307 109
11 265 Gdu | 225 Pb1 149 135
111 248 Tm1 | 268 Bi: 214 17
yI 279 268 It Rarz 332

el 189 Tm x| 269 {224 ’ Ram| 331

51 259 149 Yb1 291 Thu| 250

at 400 Ybu | 291

an | 400 245 259 330 Lu1s 288

Y 258 Lum | 288

i | 258 Hfr 287

1 | 258 IIf 289

P A B C D EVFGHTITI JZXKLMN OQRSTUVW XY

139

s I 164 161 278 185 262 282 59 167 14 371 57 281 220 {138}1280 15 227 77 391 247 55171 379174

t These references have heen used for lines to the violet of the range covered in the RMT, but are included for completeness.
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TabLE 8

REFERENCES—INTENSITY

Sp Reference Numbers Sp Reference Numbers Sp Reference Numbers
Her | 263275174116319 || Au 340 Run | 272
Li: 113 175 Am 49 51 Rhi1 | 105
Lin | 378 404 A 50 Rhu | 150
Be1r 315 318 K1 259 116 88 108 Pdr | 256
Benr | 318 K 410 46 Ag: 389
Bu 81 K 47a Sla Cdr: 173
B 81 Car 207 259 369 241 374 In: 402
Ci 185 300 169 160 370 || Cau | 259 207 375 390 66 Sn1 265
Cu 81122 Ca 1 11 Snimr | 248
Cm 81 Sc1 210 253 349 367 Sbr 279
Civ 81 Sc 1 253 365 Te1 189
Ni 93 78 160 370 Scur | 172 Cs1 259 245
Nu 20 125 120 Tit 185 282 212 203 348 199 172 Ba1 207 259
N | 124 81 Tia |347 Baux | 207 259 330
Niv 81 Tiw |364 Lat: 228 258
O1: 98 263 127116128 || V1 264 213 204 La | 258
O 20 118 301 Vi 266 La 1 | 258
Om | 119 86302 Cri 183 184 204 213 Ceur | 215144 9245
O1v 81 126 Cru |184 Ce | 362
Ov 81 Mn1 (260209131 61113 Praux | 215339
Ovr 81 Mnu | 67 68108 Ndu | 219 10
Fi 88 Fe: 185 282 220 211 202 227 59 57 Smr1 | 221
Fu 73 281280 55 15 77391171 74 Smu | 221
F 11 7285 Fen 76 222 55 Eu: 223
Ne1 263 276 311 Ferr | 103 102 Eun | 223
Ne i1 52 Co1 205208 282280 71 56230 62147 || Gd1 | 225
Na1 | 259172116 Con | 255 Gdu | 225
Na | 130393 Nit 208 205 282 143 109 146 280 398 245 || Tm1 | 268
Mg | 261207295314170 || Nimm | 252 382 Tm 1 | 269 268 224
Mgu| 116 Cui 58 Ybr | 291

Cunr | 137
Alz 315 116 319 310 Ybu | 291
Al | 319377 Zn1 149 Lu1 288
Al 312 Znu |372 Lum | 288
Sit 186 Gar |402174 Hf 1 216
Sin 117 Ge1 188 132 Hfnn | 289
St 117 Genr | 188 235 Ta1 200
Si 117 101 As1 273 Wr 218 22
P1 180 Asu | 328 Wn 239
P 133 181 Ser 189 Rer: 257
Pur | 133 Rbr | 172 Os1 245
Pwv | 133 Srv ] 207259 Irt 6
Pv 133 Sr 207 259 Pt1 109

S1 297 129 Y1 228 Aur | 324
S 25 19136 Yu 254 351 Hg: | 112108
S 1 157 159 Zr1 228 282 197 Tl1 109
Siv 303 Zru | 196 Pb1 109 271
Cl1 182 Cbr | 283 Bi: 308 17
Clu | 195 Cbu | 283 Ra1 332
Cl m 31 27 Mo1 | 326176113 Ram | 331
A1 263 276 293 294 Mo | 113 Thu | 226

Rur | 251109
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TabLe 9

REFERENCES—ANALYSIS

p Reference Numbers Sp Reference Numbers
243 23116 Su 157 19158 25136
243 23 S m 157 159 136 337

el 16 45319263 275 134 S v 303 27 29
elr 243 23 Cl1 182 193 92.
1 116 16 206 Clu 195 96
im 16 81 Cl i 31 27
el 318 315 Clv 31 32
eI 318 A1 154276 42 16293 294
1 16 89 A 92 42 48 47
I 81 89 A 49 51 42 44 96
I 81 Ay 42 50

1 81 300 K1 116 88

¥4 81 89 Ku 46 28 105

1L 81 89 82 K 472 92

v 81 82 Ca1 373 369 259 116
I 104 78 160 Can 375 346 390

I 89 81125120 Ca 28 16

1z 89 81 Sc1 365

v 89 81 82 Scu 365 285

v 81 82 Sc 1t 364 392

1 98 Tit 348 355 282 185178
u 86 81350118 Tin 347

11 95 81119 86302 Ti v 364

v 81 82 Vi 286 305

v 81 82 Vu 284

vi 81 82 Cr1 179 183 187 346
1 88 Crn 184

I 85 73 Mn 1 61 79 260 346
11 85 30 72 Mn 1 67 68

v 84 Fe: 363a

VI 83 87 Fen 75 76 94139
21 154 41276 16311 Fe 11 103 102

2 II 41 52 Cor1 363

¢ 298 338 116 Con 114

e 44 130 393 16 Ni1 352

g1 295 296 314 345 Ni 11 382 233

gl 116 16 Cu1 381

1 315 319 Cun 386

1 319 377 Zn1 149 116

11 312 16 Znu 319 372

1 186 Gat 116

I 117 29 16 Ga1 376

494 117 29 Ge1 188 327

v 117 101 Ge 11 188 234

I 180 335 As1 273

i 26 335 336 As1ur 140 328

11 29 303 336 Se1 343

. 29 336 Se 11 244

v 336 40 Bri 194

[ 297 342 Bru 232

XXXV



TasrLe 9—Continued

REFERENCES—ANALYSIS

Sp Reference Numbers Sp Reference Numbers
Kr: 274 276 165 Gd1 2 357 358
Kru 53 Gd 11 8 358
Rb1 116 Tm1 270
Rb 11 238 Tm 11 270 269
Sr1 116 369 399 Yb1 291 359
Sr 1t 116 259 399 Yb 291 359
Y: 285 Lu1 288 267
Ynu 285 Lu 288
Zr1 197 282 Hi: 287
Zr u 196 Hf 289
Cb1 290 Tat 192
Cbu 290 Ta11 192
Mo1 63 191 Wi 237
Mo 11 190 W it 239
Ru: 394 145 Re1 257
Ru 272 292 Os1 1 5
Rh1 395 304 Irs 6
Rhu 150 Pt1 240 148
Pd: 385 Pt 387
Pdu 384 24 Aut 324 306
Ag1 388 Aun 324
Agu 383 24 Hg1 16
Cd1: 116 16 Hg i 313
Cdu 372 401 Tl 116
Int 116 Tl 106
Inu 317 Pb1: 16
Sn1 265 Pbu 80
Sn 11 248 Bi1 16
Sb 1 279 Bin 64 115
Sb 11 236 Rn1 329
Te1 341 Rar1 332 354
I: 107 69 325 Rau 331
Iu 232 Thu 249 250
Xer 156 Th 11 54
Xen 155
Cs1 116
Csu 309 405
Ba1r 400 344 353
Ba1r 330 400
La1 366
Lan 366
La 366
Ce 11 144 7 9
Ce 1 362
Pru 339 356
Nd 10
Sm1 2 4
Sm 11 3
Eu1 361
Eun 360
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REFERENCES—FoORBIDDEN LINES

TasLe 10

Sp Reference Numbers Sp Reference Numbers Sp Reference Numbers
Be1 3187315 Cavi 33 Fe xiv 97
C1 81 Ca vt 337 Fe xv 90
N1 104 Ca x11 97 Con 114
Nu 81 43409 Ca x111 97 Co vt 37
O1 98 13151 Caxv 97 Co v 12
On 81 409 Se 11 365 Co vinir 60
Om 81 409 Sc 11 364 Co x1 92
Fu 85 Scvi 91 231 Nir 352
Fm 85 Sc v 231 Nin 382 233
Fiv 84 Ti1 348 Ni vix 322
Nem: 41 43 409 Tiu 347 Ni viur 12
Ne v 320 Ti 11 364 Ni x 60
Ne v 100 320 35 397 11 vz 231 91 Ni x11 97
Naiv 393 Ti viz 231 Ni x11 97
Nav 393 Vu 284 Ni xv 97
Mg vt 393 Vi 407 Ni xvi 97
Al vir 393 Viv 406 Cun 386
Six 186 V vir 91 Kr 152
P1 180 335 Cri 179 183 187 Srn 116 259 399

“Pu 26 335 336 Cru 184 Y 285
S1 96 342 33 Cr 36 Yv 321
Su 157 19158 25136409 || Criv 36 38 Zr u 196
S 1 157 159 136 337 Crv 406 Zr 1 198
S vir 97 337 Cr vir 92 Zr vi 321
S xu 97 Crix 91 Xen 155
Cln 96 195 Mn 1 67 68 Xe 1 99 153
Clm 31 27 Mn v 36 Lau 366
Cliv 31 32 Mn v 34 38 La m 366
Am 96 Mn vi 60 Eun 360
A 42 50 Mn 1x 92
Av 323 334 Mn x 91
Ax 97 Fe: 363a
A XI 97 Fen 75 76 94139
A xiv 97 Fe m 103 102
Kiv 9 33 Fev 36
Kv 33 Fe w1 34 38
Kwvi 337 408 334 Fe vir 39
Cax 373 369 259 116 Fex 92 97
Can 375 Fe x1 91 97
Cav 9 33 91 Fe xm 97
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REVISED

tory EP J  Multiplet
ef Int Low High {XNo)
S4 Anal A List A June 1943
A H, 10.15 13.04 — 23p°-3%petc 3187.743
A Hg 10.15 12.69 — (1) 42Detc
A Hy  10.15 13.00 — sEpete
A Ks 10.15 13.16 — 6°Detc 5015.675
A Hg 10.15 13.36 — 7Dete
3964.727
A Hg 10.15 13.33 — 23%P°-83Deto
A Hg 10.15 13.37 ~—  (3) 9%Detc 3613.641
A Hip  10.15 13.40 — 108D ete
A Hys  10.15 13.43 — 118petc 3447.594
A Hjz  10.15 13.45 — 123D etc
3354.550
A Hyz  10.15 13.46 —  32P°-133pete
A Hia 10.15 13.47 — (3) 143D etc 3396.786
A Hjs  10.1513.48 — 158D ete
A Hig  10.15 13.49 — 168D ete
A Hy7  10.15 13.49 — 178D etc 7065.188
7085.719
A Hg 10.15 13.50 — 33P°-183Detc
A Hig  10.15 13.50 —  (4) 192Detc 5875.618
A Hzgp  10.15 13.51 =~ 208D etc 5875.650
A Hz 10.15 13.51 = 212D etc 5875.989
A Hzg  10.15 13.51 o~ 228D ete ;
4713.143
A Mgz  10.45 13.61 . 23P°.232petc 4713.373
A Hzs  10.15 13.53 -~  (5) 34%Detc
A Hps  10.15 13.53 — 253D ete 4517.43
A Hzg 10415 13.52 — 262D etc .
A Hzz  10.15 13.52 — 372D etc 4471.477
. 2 4471.688
A Hpg  10.15 13.53 — 38P°.-28%3Dste
A Hze  10.15 13.53 —  (8) 298D2tc 4469.93
A  Hzp 10,15 13,53 — 302D ete
A H3p 10.15 13.53 318D etc 4130.813
A  Hzp  10.15 13.583 — 322D ete 4120.993
A Hzz  10.15 13.53 — 332D ete
4045.16
A Hazg 10.15 13.53 — 22P°-3¢2petc
A  Hag 10.15 13.58 = (7) 352D etc 4086.189
A Hzg  10.15 13.53 — 362D etic 4036.363
A Hzy  10.15 13.53 — 373D ete
A Hzg  10.15 13,53 = 382D etc 4025.49
A 10.15 13.54 Limit
3867.477
— 3867.631
y— 12.04 13.00 - 38D-58F° etc
y 13,04 13.16 = (8)6%F° etc 3B@Y.4T
A - 12.04 13.36 = 78F° etc
— 13.04 13.33 — 82 etc 2619.608
A - 13.04 13.37 — 93F° eto 3819.761
J— 12.04 13.40 ==  32D-103F° etc 3819.35
A - 13.04 13.43 —  (9)118F%etc
A -_— 18.04 15.45 — 1B8%F*® eLc d3733.861
A - 13.04 13,46 o= 13876 etc 3732.993
J— 12.04 13.47 — 142F° ete
3705.003
- 12.04 13.48 —  32D-153F° etc 3705.140
A - 12.04 13.49 —  (10)162F%etc
) 13.04 13.49 — 178F° etc 3704.79
A - 13.04 13.50 = 185F° cte
g 13.04 13.50 — 19°F® etc 3651.971
3653.119
A — 12.04 13.51 —  38D-208F° etc
y — 12.04 13.51 =  (11)313F° etc 3634.235
A — 12.04 13,51 — 2333F° etc 3634.373
A = 12.04 13.51 — 238F° etc
A — 18.04 12.88 — 3438 cto 2624.10
N 12.04 33.52 —  38D-252F° etc 3599.304
A — 12.04 13.58 ~  (12)363F° etc 3599.443
A — 12.04 13.52 — 737 etc
f — 12.04 13.58 — 282F° etc 3587.353
A 12,04 13.58 — 298F° etc 3587.396
J— 13.04 13.53 —  32D-308F° etc 3587.16
N 12.04 13.53 — (15)318F°ete
A - 12.04 13.53 - 328F° ete 3563.950
A - 13.04 13.53 — 333F° etc
A - 13.04 13.53 — 348F° ete 3554.394
i 3654.524
A - 12.04 13.53 —~  33D_358F° etc
A - 12.04 13.53 .~  (14)363F° etc 3536.830
A - 13.04 13.53 — 378F° etic
A - 13.04 13.53 - 382F° etc 3530.487
A= 12.04 13.54 — Limit
3517.337
2812 K41
3.54 Anal A List B June 1943 3503.381
A Dec  10.16 12.04 — 2°p°_38petc 3498.641
A Dg 10.16 12.70 — (1) 43petc
A DY 10.16 13.00 — 52Detec 3490.63
4 Dg 10,16 13.17 — 62D ete
A De 10,16 13.37 — 78Dete 3487.731
A Dg 10.16 13.33 — 82D ete
— R 3478.97
J 12.04 13.00 — 33D-5%F° etc 3471.80
A — 12,04 13.47 — (2)62F° ete
A - 12.04 13.37 — TCF° ete
4 - 12,04 13.33  ~— 89F° etc 7281.349
6678.149
5047.736
P 24.48 Anal A List B Jan 1943
) 4931,
A 2500 19,73 20.87 1-3 398-39P° 1.929
A 1500 19,73 20.87 1-1 (1) 4920.35
A 500 19,73 20.87 1-0
- 4437.548
{10) 2
57) 19.73 22.91  1-1p 33s-3%pe 4387.928
3) [+] ()

Laboratory
IA Ref I

B
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He I ocontinued

(8)

(e)
(4)
(3)
(3)
(3)
(1)

(120)p3
(1)

Forb
Forb
Forb

&

Forb

&

Forp

Forb

&

Forb

Forb

(2)

Ford

(1)
(1)
(1)

(3)
()
(3)
(4)
Forb
(1)
(3)

E
Low

18.73

30.53
30.53
30.53
30.53
30.53
30.53

30.87
30.87

20.87
20.87
30.87

30.87
20.87

20.87

20.87
30.87

20.87

30.87
30.87

30.87

30.87
30.87

20.87

20.87
20.87

80.87

20.87
30.87

30.87

30,87
20.87

20.87
20.87

30.87

30.87
20.87

20.87
30.87

80.87

20.87
20.87

20.87
20.87

20.87
20.87

230.87
30.87

20.87
20.87
30.87

20.27 2

20.87
20.87
20.87
20.87
20.87
20.87

21.13
381.13
21.13
21.13
21.13
21.13
21.13

MULTIPLET

TABLE
P J  Multiplet
High (r:g
23.61 — 3%3-4%p°
(3)
23.99  0-1 aisz21p°
23.64 0-1 als-4lp°
5
33.94 0-1 3lg-5ip°
6
34.11  0-1 23ls.elpe
7
34.31  0-1 3lg7lpe
. 8
84.37 0-1 31s-gipe
(9)
23.63 3,1-1 3%P°.3%g
32.63 0-1 (10)
23.97 8- a%pe-3%p
33.97 1- (11)
32.97 O-
33.49 3,1-1 3%p°-43g
33.49 0-1 (123)
23.61 3 2%po_43pe
a{13)
33.63 2,1~ 39Pe-4%p
33.63  O- (14)
33.63 8- 35P°4%F°
(15)
33.87 3,1-1 2%Pe-5%8
33.87 O0-1  (16)
33.98 3~ 23pe-sdpe
(17)
33.94 3,1~ 23pe-5%D
23.94 O (18)
33.94 3 a3f°-§3fa
19
34.07 3,1-1 2%p°_g%3
34.07 0-1  (20)
34.10 8- @a%pe-gipe
(31)
24.11 3,1~ 33P°_g%
84.11 O~ (a3)
34.11 3  2%Pe-6°F°
34.18 3,1~1 233P°-733
24.18  0-1 (34)
34.31 2,1~ a%p°-7%D
234.31 O~ (25)
32.81 3 33pe-79Fe
(38)
24.35 3,1-1 33pe_g3g
24.35 0-1 (a7)
24.37 8,1~ 23p°-g3p
34.37 0= (28)
84.27 85— a%pe_glre
39
24.30 3,1-1 3%po_9%
34.30 0-1  (30)
24.31 3,1~ 2%pe_93p
34.31 O~ (31)
24.31  3- 2%p°.9%Fe
(33) _.
34.34 —  33P°-10%§
(33)
24.35 3,1~ 2%P°-10%p
24.35 0= (34)
34.36 — 3%p°-113g
(25)
34.37 — 3%pe-113p
(36)
34.38 .- 23pe-1a3g
24 20 23£§21a39
38
34.40 ~ 2%P°-133g
39
24.40 = 23Pe-133p
40
24.41 — 23Po-143g
(a1)
24.41 — 23P°_14%p
(42)
24.42 o~ 33p°-153p
(43)
34.43 —  3%pe-16%D
(44)
32.88 1-0 alpe-3lg
{45)
23.97 1-2 alpe-3lp
(486)
23.57 1-0 3lpe-4is
(47)
23.83 1.3 2lpe_aln
(48)
33.64 1-3 alpo_glpe
(49)
33.81 1-0 3ipo_slg
) (50)
33.94 1-3 3lpe_s5lp

(81)

1
Laboratory EP J  Multiplet
IA Ref Int Low High (No?
He I continued
4188.971 D (1) 21.13 34,08 1-0 aip°_§1s
53
4143.758 B (3) 21.13 34.1i 1-3 alp°_glp
4033.986 D (1)  21.18 24.19 1=0 311?;-715
4
4009.870 D (1) 21.13 34.31 12 aix(:;;')iin
4007.8¢4 P Forb 381.13 34.81 1-1 211(:"-;11»
56
3935.814 D (1) 21.12 24.36 1-0 aixz;-§1s
7
3926.530 D (1) 31.13 34.37 -2 211(”-&)319
58
3878.180 D (1) 21.13 24.31 10 alzzggs)ais
3871.819 D (1) 31.13 34.31 1-3 zlzzgas)aln
3838.094 D (1) 21.13 24.3¢ 1-0 31p°-10ls
61
3833.574 D (1) 21.13 34.35 1-3 aipg-xoin
3
2805.765 D (1) 21.13 24.37 1.2 2lPe-i1lp
63
3784.886 D (1) 31.13 34.39 1-2 211;;3311:
3768.81 D (1)  21.13 34.40 1-23 211(”-}31])
65
3756.10 D (1) 31.13 34.41 1-3 31P°-14lD
) (66)
9483.57 C 60  33.63 23.92 — 53?5531”
8361.77 C (4) 32.62 34.10 33?-6 0
68
7816.16 €  (4) 33.62 24.20 — 333-7-)?P°
—_— (89)
11013.97 30 33.82.33.94 0-1 31?;gip°
9603.50 6 32,82 34.11 - 0-1 315-611"’
— (71)
11969.07 A 80  22.91 23.94 — 531(’;-§3n
3
10667.60 A 30  22.91 24.07 — 331(’;-()533
3
10311.18 ) 4o (22813411 — 33pe63p
10311.37 ¢/ 32.91 34.11 — (74)
9703.66 E 10  23.91 34.18 — 33{";35
75
9516.51 © (8891 24.21 — 33pe_73p
s516.66 ¢ 30 {zzisi 34.31 — (7o)
9063.40 E 6  32.91 34.27 - 39p°-83D
(77)
10996.55 A 5  23.97 24.10 — 33?;331”
10912.93 A 100  32.97 34.11 — 3317-6%5'5
10073.10 E 3  83.97 24.30 — 331;;3 pe
10027.73 E 40  32.97 24.21 — 331()-7 Fo
81
9526.17 E 10  23.97 34.37 ~— 33?33-)5?‘
§310.38 E 6  22.97 34.31 — 33n-9-)5r°
—_— (83)
10916.98 A 50  22.97 34.11 2-3 311(35311-“’
4,
10031.16 E 15  32.97 34.31 3-3 sln.g Fo
8
9539.37 E 4  22.97 24.37 2-3 31p-8ipe
(86)
11335.83 A 6  22.99 24.09 1-0 311(>°-e)sis
87
11044.95 A 40 32.99 24.11 1-2 311(>°-f)sin
88
10138.50 E 10  32.99 34.31 1-2 31pe-7ip
89
9635.80 E 3 22.99 34.87 1-3 31P°-glp
(90)
He II I P 54.17 Anal A List A June 1943
4685.682 A  —  48.16 50.80 — 32D-4%F°e
3203.104 A —  48.16 52.08 —  (1)5°%F°e
10123.61 A =  50.80 52.02 — 43F°-53Ge
6560.099 A @ — 50.80 52.68 — (2) 62Ge
5411.53¢ A @ — 50.80 53.08 = 23Ge
4859.323 A  —  50.80 53.34 — 82Ge
4541.59 A -~  50.80 53.54 ~— 93Ge
4338.67 A~  50.80 53.64 —  43F°-102G
4199.83 A — 50.80 53.74 = (3) ngc
4100.04 A — 50.80 53.81 —_— 136
4035.60 A -~  50.80 63.86 — 1336
3968.43 A —  50.80 53.91 — 146
3923.48 A —  50.80 53.94 — 431-“-1525
3887:4¢4 A —  50.80 53.97 —  (4) 165G
3858.07 A -  50.80 54.00 — 173a
3833.80 A —  50.80 54,08 — 188G
3813.50 A —  50.80 54.03 — 1936
3796.33 A  —  50.80 54.05 — 43F°-zoge
3783.68  .A — 50.80 54.06 — (5) 31°G
3644.47 A —  50.80 54.18 — Limit




F REVISED MULTIPLET TABLE
Laborator, EP J  Multiplet Laboratory EP J  Multiplet Laboratory EP I Maly

IA Ref yIm. Low High {No A Ref Int Low High (mﬁ IA Ref Int Low  High (1
He II continued BII IP25.02 Anal B List D Feb 1943 C I continued
11626.40 A  —  53.03 53.08 — szu-7gn=etc 3451.41 A 10 9.06 13.84 1-3 21P°-2p® 1D 13164.1 D (100) 8.73 9.67 1-1 3p>
9344.93 A — §3.03 53.34 — (6) 82H°ecc 5 (1) &
8236.77 A — 53.02 53.51 == 9ZH? ete 4121.95 A 7 18.60 21.59 39D~45F 12621.0 D (30) 8.73 9.72 1-1 3p
7592.74 A —  52.02 53.64 e 103H° etc (2) §i
7177.50 A -  53.02 53.74 — 113H° ete .1iggZ'é g égg; g.zg g.;g 1-2 Sp(
€890.88 A -—  53.03 53.21 —_ ?3?-12§§:etc _—

683.2 A —_— 52.02 53.86 — 7) 13 ete :
652710 P —  53.03 53.91 — 122§°etec B III I P 37.77 Anal A List B Feb 1943 12614.8 D (200) 8.8t 9.79 2-2 3p
6406.3 A - 52,03 53.94 — 15§H°etc 300 o3, 12965.0 D (30 8.81 9.79 1-1  (
6310.8 A —  52.02 53.97 — 1628 etc 4243.60 A 3a  29.98 32.89 4@pe_sBp  12602.6 p (40 8.81 9.79 2-1
6333.8 A —  53.02 54.00 — 172H° etc (1) -igggg-g g Zg g-gi g-;g i—g
6170.6 A —  52.03 54.02 - 590-18%H°etc 4487.46 A 54 30.14 33.89  — 42p-5%F° 12551.0 D (50 8.81 9.79 0-1
6118.2 A —  53.03 54.03 — (8) 192H°eto (a) 3
6074.1 A —  53.08 54.05 — 202H° eto 2 8018 E  (1d) 8.81 10.35 — 3p
6036.7 A —  52.02 54.06 — 21%H° etc 4497.58 A 104 30.15 33.89  — 43re-5%a {
5694.46 A - 53.03 54.18 — Limit (3) 7850 E (1d) 8.81 10.38 —_ 3p(
Wide Fine Structure PE‘TISFD

. 2 0 - ;
See NSRDS-NBS 3, Section 3, 1970 SRDS=NB Rf_;;VIgED fon 3
C3I IP11.20 Anal B List A March 1943 See NSRDS-NBS 3, Section 3,
CII TP 2438 AnalA List A Feb 194
LLI IPS5.37 Anal A Llst B Jan 1943 10691.36 A 50 7.46 8.61 -3 38°P°-3p°D 2
2. .2 10683.18 A 35 7.45 8.61 1-3 (1) 4744.90 B 1 13.66 16.36 14-14 3p°
6707,74 / Ay jo00p (0-00 1.8¢ 3-1} 2Ps-2%p°  10685.4¢4 A 10 7.45 8.60 0-1 4738.11 B 0  13.66 16.26
6707.88 A 0.00 1.8¢ 4- (1) 10739.59 A 8 7.46 8.61 3-3
10707.44 A 8 7.45 8.60 1-1
3233.61 B SOR  0.00 3.82 — 23523§p° 10754.09 P 7.46 8.60 2-1 6578.03 A 10  14.39 16.26 3:13 338
2 . 6582.85 A 9 14.39 16.26
—_— 2 2 9658 .49 A 3 7,46 8.75 8-1 2s°Pe-3pis
8136.52 B (500)  1.84 3.36 28po_32g gggo.gg ﬁ 3 7.45 3.73 1-1 (2) 723619 N s 17.97 o
3 3. 7.45 8.73 0-1 36. 1! A 4 16.26 17.97 13-3
6103.642 C 500R  1.84 3.86 — 23p°_33p 09485 aoo .3n 7231418 A 74 16.26 17.97 i:ii
4 9094.8! A 35 7.46 8.81 2-3 3g5Pe-3pSP
4971.92 B 10r  1.84 4.33 - 32Po_4%s 9078.33 A 6 7.45 8.81 1-1 (3) 3920.677 A 10  16.36 19.41 1. 33p
(5) 9111.85 A 10 7.46 8.81 2-1 3918.977 A 9 16.26 19.41
4008.99 D 100R 1.04 4.586 — aarz-§3n 0086.57 A 8 ?.46 8.81 1-0
6 9061.48 A 15 7.45 8.81 1-2
9063.53 A 10 7.45 8.81 0-1 sggs.gg A 4 1;.2; zg.gg §§:1i 3*p
5891. A 3 17. 20.
5041.66 B 3 7.46 9.90 2.3 383P°-4p®D 2
*5039.05 7.45 9.90 1-3 (4) 4267.27 A 20 17.97 20.86 2 3°p
Li II I P 75.31 Anal A List D Jan 1943 39. B 3 7.45 9.80 01 4267.02 A 19  17.97 20.86 143
5483.55 to 233-2%p° 4836.73 B 1°  7.46 10.01 2-1 383P°-4p3s  3361.09 A 3 17.97 21.64 -1§ 38p
5485.65 JA 10 58.77 61.03 (1) 4817.33 B 1 7.45 10.01  1-1 (5) 3361.75 A 2 17.97 21.64 1i-
te1a-8e B (1) eds 20.01 Gt 2992.63 A 54 17.97 22.09  — 33D
3684.1 B 2 68.48 71.83 — 335-4%p° 4771.72 B 4 7.46 10.04 32 383P°-4pSP
(3) 4766.63 B 2 7.45 10.04 1.1 (8) ° 5
. 4775.87 B 3 7.46 10.04 2-1 3166.51 A 4 18.57 23.47 13 2p
4156.3 B 0.5 68.98 71.95 O0-1 3 sz41P° 4770.00 B 2 7.45 10.04  1-0 3167.95 A 3 18.58 22.4; 13-
. . - . . 2. -1
3)3 *4763. 41 B 4 (;.22 18.82 é_f 3165.99 B 1 18.58 22.47 1
4881.3 B 3.5 69.07 71.60 — 3°P°-43s . .
4 4065.1 c 3 7.46 10.43  2-31 383P°-5p°D  5536.0 B 14 19.41 21.64 3- 43
4325.7 B 3 69.07 71.98 — 33p°-4%p 7.45 10.49 1-37  (7) (
(5) *4084.2  C 1 (7045 10048 0-17
Very wide fine structure 5336.7 B 0aa 20.06 33.38 13- 4 4%P
10653.6 D (50) 7.65 8.8t 1-1 351P;-3p3P 5121.69 . A 1 - 20.06 23.47 13-13 42{
9405.77 A 20 7.65 8.96 1-3 3g'P°-3plp 3833.12 B 2a  20.06 23.28 13-2} 4%P
Be I I'P9.28 Anal A List C Feb 1943 3836.10 B 14 20.06 33.28 13 (
3o a3 8335.19 A 10 7.65 9.13 1-0 3slPo_3pls
3321.347 A 30 2.71 6.43 2-1 2%p°-3%g 10 4
gggi.ggg ﬁ fg g.;i g.zg i1 (1) 5380.243 B 8 7.65 9.95 1-1 3s1P°_4plp svag.;s A 6 gg.gf gg.iz 2 3s(
. . . - 11 6779.74 4 . .44 1
5052.122 B 6 7.65 10.08 1-3 38 P;—4p1D gggg.gg A g gg.gé gg'ii . L
1 . . .
8354.10 B 10 5.35 6.75 1.0 alpe-3ls 4932.00 B 5 7.65 10.15, 1-0 3siP°_apls gzg%.so A 3 ag.gi zg.ig 151
.09 A 3, 20. 22.
4d72.671 C 15 5.35 7.95 1- B‘P“gzin 4371.33 c 4 7.65 10.47 1-1 ssiPe-splP saégas A 0 Zg.gs gg.eg ;:—-:
6798.04 A 1 .61 23.4 -
4407.911 B 10 5.35 8.05 1-0 31P°Z4is 4353.1 c 1 7.65 10.49  1-37 38 P;-sp3n 2.5 o) 20.63 23.80 2hid 36t
1 5662.51 A . . -1} 38
3813.402 B 15 5.85 8.49 1-3 aip°g4in 4268.99 c 2 7.65 10.54 = 1-3 3siP°-5plp 5648.08 A 232 20.61 aa.gg 13:1§ (
1 5640.50 A 2) 20.61 22. 1.
3736.280 B 10 5.25 8.56 1-0 zip:g§1s 4231.35 C 1 7.65 10.57 1-0 SB(P;SSpis . 20.05 50.08 545} seb
1 B5143. 1 A S . D 2o
3515.538 B 12 5.25 8.77 1-3 zlpz-?in - 33 5, 5189.21 A 12 20.61 23.02 13-1%  (
7 5793.51 E 3 7.91 10.04 3-2 3p° 3D°-4p3P 5137.26 A 0)  20.61 23.01
5801.17 E gzi 7.91 10.04 2-1  (18) 5151.08 A 5??) zg.ga gg.gz 21
5805.76 E 1 7.91 10.04 1-0 5143.49 A 2)  20.61 23.01 13-
5133.29 A a; 20.61 23.02 1 zi
5132.96 A 3)  20.61 33.02 $-1
bBe II IF18.15 Anal A List D Feb 1943 11330.36 A 1 8.50 Y.b09 1=-8 apir-au’v' .
3130.416/ A 50 0.00 3.94 $-13 225-28p°  10548.0 E (80) 8.50 9.67 1-1 3piP-4slpe 5033.3 B 14 20.83 23.38 13-33 2p°
3131.064 A 30 0.00 3.94 %— i (1) s . 5037.0 B 0a 20.83 23.28 3-13 (
6828.5 c 0 8.50 10.31 1-3 3piP-4aip®
i 21 3871.63 B 3 30.83 24.08 13- i 2p3
3274.640 A 10 10.89 14.66 -~ 5351§§r° 6587.75 C 4 8.50 10.37  1-1 3p(P—§d1P° 3868.84 B 1 20.83 24.03 3- (
22 —
5270.843 A 12 11.91 14.35 1 33po_g3g 8.61 9.65 3-3 3poD-465P°  6115.31 A 0  22.00 24.02 1 362
5270.322 A 10  11.91 14.35 32 (3 "11894.9 D (200) (331 SigR ai T(23) 1 (
11880.4 D (15 8.60 9.64 1-07
4323.235 A 10 11.81 14.74 13: 32po48p  11849.3 D §1°§ 8.61 9.65 22 *7119.45 A Ez; 22.44 24.17 3 3p
4360.690 A 9 . 11.91 14.74 (4) 11863. D (15 8.61 9.64 1-1 7115.13 A 2 gg.:g gi.xg f g (
. .1
3241.835 A 10 11.91 15.73 13- ¥ 3°pe_gdst 12754.0 » (e00) (861 9.86 3¢ 3pdp-zadpe *7112.36 A (1) (5343 24117 b
(5) . 8.61 9.66 2-3 (34) 7133.52 A 0) 22.44 24.17
2 2 11747.5 D (3003 8.60 9.65 1-2 7135.49 A 0) 22.44 24.17 2
4673.468 A 20  12.10 14.75 — 3 D?é)F° 11801.8 D (10 8.61 9.66 3-3 *7119.45 A 2} 23.43 24.17 131
*11667.1 D (100) 8.61 9.67 3-3 3p°D-3a°D°  6750.22 A 3 22.44 24.27 3k 3pt
BI See int 11631.597 P 8.61 9.67 2-3  (25) 6738.36 A 1) 23.44 24.27 ei (
BI ntroduction 11609.917 P 8.60 9.67 1-1 6730.79 A 0} 23.43 24.37 13-1
Hei.eor b G o.or 53 TN A W BERE O
. .61 . - 8754, A <44 24. -
11619.0 D (30) 8.61 9.67 3-3 6742.05 A 0 22.44 24.27 23-1-
11603.947 P 8.60 9.67 1-3 we733.56 A (0) (ggiii gg:gg P
7118.5 E (6d) 8.61 10.34 *6726.84 A (0) 33.43 34.37 1%-3

3p3D-4a°F°
(26)



ratory

Ref Int

tinued
A 2)
A 1
A 0
A 0
A 1}
A 0
A (4)
A (2)
A 1
A 2
A 1
B 0

T A (2)
A 3
A H
A o
A 3
B 1
B 0a
A in}
A 1n§
A On
A gzg
A 1
. 0)
B 4
B [
B 2
B 2
B 2
B 0d
A (2)
A (3)
A og
A 1
¢ 0
c [}
c [
A 2
B 1
c [
c 0
A 8
A 7
A 8
A 6
B 1
B 1
B 1
A (0)
B 1
B o
3 7
A 8
A 5
A 3
B 1a
c 0
¢ 00
C 0
¢ 00
[4 0
] 0
A 5
A 5
c 4
4 1
B 1
B 1
B 14

Low

23.44
22.44
23.43
23.44
32.43
32.43

22.44
(22 44
32.43
22.44
32.43
22.43

23.43

J  Multiplet
(Nog

3ptp-zatpe
(22)

3p4p-4gtpe
(23)

3?-3531:"
(24)

3p2P-3d2P°

34.55
34.55
25.88
25.87

3p4s-3a4p°

3p 4s-4a4P°

o 08
B D

3p*P_4g?pe
(28)

SpZD—4d2F°

3d4F°-4p4D

5&4F°-4rzr
(31)

43-4. 3d4r°-4:4r
33-3 (32)
23-3%
43-54 3adFe_saric
3 - (33)
2
1 :

4

F

236.52

26.71
86.71

37.30
27.30
27.30

37.37

3333 3a%pe.4p?p
4

a%:a 3a9D°~4pdP
BE-1: (35)

-4 3a%pe_ardF
2435  (38)

33-3} 3a%pe.arip
25-2 (37)
13-1

213
13-2
&

2%51l 3d4D°-4r2D

23-31 3a®pe_sar?F
2 (39)
23-3% 3a@po-artr
2323 3d D=-4r4u

et

3a D° 4r3n
(42)

3a3pe_sg2p
(43)

REVISED MULTIPLET TABLE
Laboratory EP J Multiglet
IA Ref 1Int Low  High o
C IT continued
5907.36 A 1)  84.55 26.64 23-1} 3d%Pe_4pls
5914.93 A 0) 24.55 26.64 1i-11  (44)
5919.60 A 0) 24.55 26.64 %-1
4374.28 A 5  24.55 27.37 2h-3} 3atpe_srtp
4372.49 A 4 24.55 27.37 1i-2 (45)
4371.59 A 3 24.55 37.37 1
*4368.148¢ B 4@ 24.55 27.37 —
4376.78 ¢ 24 24.55 27.37 13-2} 3a%Pe.ardp
46
3059.24 B 0d  24.55 28.58 23-33 3a4pe-5r4D
(47)
4734.75 B 2a  24.69 27.29 33-3}% 3a3Fo-ardF
4727.21 B 14  24.68 27.39 2%-2 (48)
4630.52  C 14 24.69 27.36 33-4% 3a3Fe-4rdG
4625.71  C 1a  24.68 27.35 25-3%F  (49)
4618.85 A 54 24.69 27.36 — 3dF°-4r3G
(50)
5119.55 4 2 24.96 27.37 13-3% 3ape.4rip
51124.07 A 2 24.96 27.38 13 (51)
REVISED
See NSRDS-NBS 3, Section 3, 1970
CIII 1P 47.67 Anal B List A FPeb 1943
4647.40 A 20  29.39 33.05 1-2 335-3%p°
4RGN .14 A 19 29.39 32.08 1.1 (%)
4651.35 A 18  29.39 33.05 1-0
5696.0 A 8  31.97 34.13 1-2 3ipe-3lp
(2)
6744.2 P 38.05 39.88 2.3 3s3po_apdp
6730.7 P 38.04 39.87 1-2 (3)
6727.1 P 38.04 39.87 O-1
5273.56,, B 2 38.05 40.39 2-1 3s°Pe_3p3s
*5253. 5588 4 1 38.04 40.39 11 ()
5244.5 A 0  38.04 40.39 O-1
4665.90 A 6  38.05 40.69 3-2 3s3Pe_3p3P
4673.91 . A 4 38.05 40.69 2-1 (5)
4663.53 A 4  38.05 40.69 1-0
3262.23 A 1 38.19 41.97 1-2 435-3a3p®
3359.44 A 0  38.19 41.98 1-1 (8)
3257.90 A 0  38.19 41.98 1-0
4325.70 A 8  38.37 41.12 1-2 3sipe_3plp
(7)
3170.16 A i1d  28.48 42.37 0-1 a4ls-sipe
(8)
4516.93 A 4 39.32 41.95 2-1 43pe_5s
4516.02 & 3 29.23 41.95 1,0-1 (9)
3609.61 A 5  39.23 42.64 3-3 43pe_s%p
3608.96 & 4 39.33 43.64 — (10)
4247.56 1 39.47 42.37 1-1 3pip-slpe
11
3703.58 A 2 39.47 42.80 1-1 3pip-3alpe
. (12)
6156.6 P 39.67 41.67 3-3 43p-33°p°
6155.4 P 39.67 41.87 2-3 (13)
6154.4 P 39.66 41.67 1-1
4388.2¢4 A 2 39.67 42.48 3-2 43p-5%pe
4383.24 A 1 39.67 42.48 2-1,2 (14)
4379.97 A 0  39.86 42.48 1-0,1
3889.18 B 4 39.67 43.84 3-4 43D-50F°
3885.99 B 3 39.67 42.84 2-3  (15)
3883.80 A 2 39.66 42.84 1-2
4070.30 B 10  39.74 42.77 4-5 43p°_5%
4068.97 B g 39.74 42.77 3-4 (186)
4067.87 A 9  39.74 43.77 2-3
4122.05 A 3 39.80 42.79 1.2 4lpe_slp
(17)
4187.05 A 10  39.84 42.78 3-¢ 4lpe_slg
(18)
6871.7 ? 39.88 41.67 3-3 3p°D-3a3pe
6863.9 P 29.87 41.67 2-2  (19)
6857.3 P 39.87 41.67 1-1

2

Laboratory EP J  Multiplet
A Ref Int Low  High (No§
C III continued
5894.1 P 39.88 41.97 3-2 3p3D-3aSF
5871.68 P 39.87 41.98  2-1 (20)
5857.9 P 39.87 41.98  1-0
4162.80 A 5 39.88 43.84 3-4 3p°D-5°F°
4156.50 A 4 39.87 42.84 2-3 (21}
4152.43 & 3 39.87 42.84 1-3
5827.1 a 1 40.02 42.14 2-3 41?-3d1F°
22
5249.6 0 40.02 42.37 2= 41?_slpv
23
4056.06 A §  40.02 43.07 2-3 alp-siFe
(24)
Lines attributed to C III--Classification dublous
4593.47 A 28
*4368.145% A 4
4361.85 A 2
4001.56 A 0d
3999.92 A od
REVISED
See NSRDS-NBS 3, Section 3, 197
C IV IP64.22 Anel A List A Feb 1943
5801.51 A 4 37.39 39.51 %13 385_3%pe
5812.14 A 3 37.39 39.51 - (1)
3938 P 54.98 58.13 3. 5°5-6°p°
: (2)
5023 P 55.41 57.87 1o i s2pe.g2s
5021 P 55.41 57.87 1. (3)
4441.81 A 04 55.41 58.19 - 5°P°-6°D
: (4)
4789 P 55.54 58.12 — szu-gzp°
4647 P 55.54 58.19 —  5CD-65F°
(6)
4665 P 55.54 58.19 - 5°F0_62D
7
4658.64 A 54 55.54 58.20 — 5°F°-g%Ge
(8)
4660 3 55.55 58.19  — SBGfE?F°
6592 P 57.87 59.74 - 62%-72P°
10
4217 P 57.87 60.80 - 625-8%P°
- (11)
4737 P §8.19 60.80 2p_g2pe
(12)
NI IP14.49 Anal B List B Feb 1944
8680.24 A 10 10.29 354p-3piDe
8683.38 & 8  10.29 (1)
8686.13. A 7 10.28
8718.82 A 6  10.39
8711.69 A 7 10.29
8703.24 A 6  10.28
8747.35 & 0 10.29
8728.88 A 1 10.29
8216.28 A 6 10.29 23-21 3s%p-zptee
8210.64 A 2 10.29 (
8200.31 & 1 10.28
8242.34 A 4 10.29
8223.07 A 4 10.28
8184.80 A 4 10.29
8187.95 A 4 10.28
7468.29 A 10  10.29 3s4P-3ptse
7443.28 A 8 10.29 (3)
7423.63 A 7 10.28
4253.28 B 4 10.29 354P-4p?D°
*4354.,7 D 4 (ig gg (4)
4223.04 B 5 10.29 354P-ap?Pe
4230.35 L 4 10.29 (5)
4224.74 B 4 10.29
4214.73 B 5  10.29
4215.92 B 2 10.38
4151.46 B 12 10.29 3s¢p-ap?s®
4143.42 P 10.29 6)
4137.63 B 7 10.28




4 REVISED MULTIPLET TABLE

Laboratory EP J Multiplet Lavoratory EP J uulnglet laboratory EP
IaA Ref Int Low High (Nag IaA Ref Int Low High {No A Ref Int Low
NI continued N I continued NI continued
9392.80 A 1 10.64 11.96 13-3% 3s9p-3p°p°  5328.70 B 5  10.88 13.19 233} st 4r-4p%D°t 6644.96 B 9 11.71
9386.79 A 0 10.63 11.95 1 (7 5356.77 B 5  10.88 13.19 14-3 (13) 6653.41 B 5 11,71
9460.66 P (25) 10.64 11.95 1f-1 5373.66 B 34 10.88 13.18 1 665661 B 1 11.70
2 2 4 4 8622.853 B 2 11.74
8629.2¢ A 8 10.64 12.07 13-13 3s°P-3p°P®  5381.18 B 3 10.88 13.31 33-23 ep? 4P-4p?Pot 6637.01 B 4 11,70
8594.01 A [ 10.63 13.07 - (8) (14) 6646.52 B 2 11.70
8665.88 A 3 10.64 13.07 1 —_— _ _
8567.74 A 4 10.63 13.07 1 9060.6 c (350; 11.55 12.91 2:1 3p88°-3a8P  6483.74 B 9 11,71
- 9038.9 ¢ (50) 11.55 12.92 (18) 8484.88 B 9 11,71
4935.03 B 10 10.64 13.14 13- 3 3s%P_4plse 2 6483.75 B 3 11.70
© 4914.90 B 5  10.63°13.14 (9) 6008.48 B 10 11.55 13.61 13 3p3g°.4a®P  6481.73 B 2 11.70
) 5999, 47 B 6 11,55 13.61 (186) 6506.45 B 0 11,71
4109.98 B 12 10.64 13.65 14-3% 3s2P-3p' 2pe 8499.52 B 3 11,71
4099.84 B E} 10.63 13.64 1 (10) : 6491.238 B 3 11,70
4114.00 B 6  10.64 13.64 13-1 11394.0 C (125) 11.71 13.81 33-2% 3p?pe-4stP
11313.8 ¢ (30 11.71 13.80 2i-1 (17) 6488, 33 B 4 (17
3830.329 B 9 10.64 13.87 13-1} 3s3P-3p' 2p*11329.0 ¢ (200 11,70 13.79 1. 468.3 11.74
3822.07 B 6 10.63 13.86 (11) 11337.5 ¢ (10 11.71 13.81 3 6457.93 B 3 11.70
3834.24 B 4 10.64 13.86 1
3818.27 B 2 10.63 13.87 1 *10113.4 ¢ (900) (11.71 13.93 3 23p4p°_3a%F  6441.70 B 5 11.71
11.71 13.93 23-331 (18) 6437.01 B 4 11,70
- T 11,70 13.92 14331 6420.47 B 3 11,71
11564.8 [+ 250 10.88 11.94 23-1} spt 4P-3ptge 11.70 13.93 13
11628.0 ¢ 80) 10.88 11,94 1d-1: (13) 10164.5 [} 30; 11.71 13.93 337 5616.54 B 5 i1.71
11666.0 c (200 10.88 11.94 1. 10147.3 (] 40 11.74 12.92 24 247 5€23.20 B 4 11.74
; 5625.43 B 3 11.70 |
9863.5 ¢ eo; 11.71 18.96 33-33 3p4pe-zatp
9831.8 [ 10 11.71 13.96 34-3 (19)

5 0 = D) 01



REVIBSBED

atory EP J Hultlglec Laboratory
Ref Int Low  High (No A Ref Int
nued N II oontinued
B 9 11.71 13.83 3%—4313p4D°-5d4F 4564.78  C 1
B 9 11.71 13.92 233-341 (25)
5_ % 4o " 4447.033 A 10
B 3 11.71 13.94 33-34 3pipe-satp
(26) 4375.00 ¢ 0
¢ (100 11.79 12.81 33-2% 3p4P°-4afP 3919.005 A 8
¢ (8 11.79 13.80 1i-1 {37)
¢ (75) 11.79 12.80 34-1 3006.86 C 7
¢ (80) 11.79 12.81 133
¢ (78) 11.79 13.80 3-1}
*5005.140 € 10
G (185 11.79 18.96 sd-3% sptPe—satp  5001.469 G &
[} 70 11.79 12.98 143 (38) 5001.138 € ?
¢ (60} 11.78 12.96 33 5035.665 C 6
5016.387 G 5
B 4 11.79 13.57 33-3% 3p4P°-584Pt 5040.76 C [
B 1 11.79 13.56 3i-1%  (29)
B 1 11.79 13.57 133 4803.373 € [
4788.136 5
B 4 11.79 13.63 23-3} 3pfP°-4a%D 4779.710 C 4
B 4 11.79 13.68 143 (30) 4810.386. C 3
4793.656 C 2
B 9 11.79 13.63 233-3% 3p*P°-4a®P 4781.168 C 23
B 6 11.79 13.63 (31) 4774.232 € 2
B 4 11,79 13.63
B 3 11.79 13.63 U1 4507.959 A 3
4477.74  C 3
B 6  11.79 13.91 23-a% ZptPo-6siPt 4459.96 € 1
B 3 11.79 13.90 1#4-1% (23) 4488.15 € 0
B 3 11.79 13.90 31 4465.5¢ C 0
B 3 11.78 13.81 133
. 3338.79 © 4
B 4 11.79 13.94 3h-3% 3p4P°-5a4P 3331.33 c 3
(33) 3330.30 [4 3
3318.14 O 3
¢ (100 11.94 12.96 13-3313p%s°-34%P  3324.58 c 3
¢ (75 11.94 13.95 1d-141  (34)
C (150 11.94 13.95 13- %!
5383.88 € [}
) -] 11.04 14.00 13-8) zpéec_7.4p
(35) 5007.316 C 7
*4994,358 C 6
c ésso 11.96 13.85 3, 3p3p°-3a3F  4987.377 4
¢ (300 11.95 12.94 142 (28)
c (40 11.96'13.9¢ 33-3 4709.45 (4 1
¢ (60) 11.96 13.98 23-3%.3pAD°-3aBD 3593.60 G 3
¢ (30} 11.85 12.98 13-1f% (37) 3609.09 € 3
¢ (10) 11.86 13.98 3%-1 3615.88 € 1
Unclassified Lines Attributed to N I 6065.5 c o
B 4 5941.87 [¢] 8
B 5 5931.79 € 7
B 7 5927.88 € 4
B 10 5953.38 € 3
B 5 5940.35 C 3
B 5 5960.83 C 0
B 4 5495.70 € 5
B 6 '5463.62 O 3
B 4 5480.10 € 3
B 4 5454.36 C 3
B 5 5478.13 € F]
B 4 5453.13  C 3
3838.39 € 5
3847.38 € 3
3856.07 C 3
P 29.49 Ansl B List A Oct 1943 3855.08 C 3
3829.80 C 3
[ 4 17.80 30.33 3-1 ap3(1?°-3p1r 3843.30 C 3
1
[ 5  18.39 30.33 1-1 3s3P°-3plP  6610.58 6
c 0  18.38 30.33 O-1 (3)
6384.30 3
¢ 10  18.40 30.58 2-3 383P°-3p3D
c 8  18.39 30.56 1-3 (3) 4337.749 A 3n
[ 6  18.38 30.56 O-1
c 6  18.40 20.56 3-3
c 6  18.39 30.56 1-1 5104.45 2
c 2 18.40 30.56 3-1
3023.80 3
[+ 8 18.40 30.85 3-1 3s3P°-3p3s
c 8 18.39 20.85 1-1 (4)
¢ 3  18.38 30.85 O0-1 *6167.88 © ¢
6173.40 C 3
A 10 18.40 31.07 2-3 383P°-3p3F  6170.16 G 1
A 6 18.39 31.06 i-1 (5) 6136.9 [4 0
A 8  18.40 31.06 3-1 6150.9 c 0
A 7 18.39°21.06 1-0 6114. c )
A 8  18.39 31.07 1-3
A 7  18.38 21.06 0-1 4087.35 © on
A 6  18.39 31.51 1-3 3s°P°-3p'D 4095.82 P
6 4083.85 € 00
¢ 3 18.39 33.01 1-0 3e3P°-3pls  4076.83 € on
— e (7) -4083.380 A 3n
4073.055 A 3n
c 8  18.43 30.33 1-1 3sipe_gplp
4041.331 A sn
c 4 18,48 80.56 1-8 3uiPo-3p3D  4043.337 & 3n
c 3 18.43 20.56 1~ (9) 4035.087 A 4n
4057.00 C 1
c 3 18.43 30.85 1-1 3elPo_3p®s 4044.75 C 1
1
c 3 18.42 31.07 1-3 3aiP°-3p3P  4036.080 A 3n
4 3 18.42 31.06 11 (11)
c 3 18.43 81.06 1.0
6630.5 [ 3
A 10 18.43 21.51 1-3 3slPo-3plp
1 4176.164 A 3n
c 6  18.42 22.01 1-0 3slpe_3pis
—_— (13) 4171.608 an

E
Low

33.01
33.01

33.04

MULTIPLET

?
High

33.03
33.10
23.14
33.47
34.43

33.04
23.03
33.02
23.03
33.08
33.03

234.43
86.09

35.04
35.03
82,08
35.04
35.03
35.03

36.05

236.06
36.05
26.05
36.06
36.05

36.10
36.08
36,08
36.08
36.08
236.10

24.96
26.05
36.05

J

3-4
23
1-3

2-3
3-2

3-3
2-2
1-1
2-1
3-3
1-2
J=2
1-0
2-3
1-1

3-2
3-1

2-2
1-1

-1
2-3
2-3

TABLE

Multiplet
(No§

3piP-3adFe
14
3plp-3alpe
1
3plp-3a3pe
1
3plip-3aipe
1
3plp-4elpe
(18).

3p3p-3a%Fe
(19)
3p3D-3a3p°
(20)
3p3p-padpe
(21)
3p®D-483P°®
(23

2p38-343p®
33
3p3B-3a3P°
(34)

3pd8-3aipe
3
3p38—483P°
(28)

3p3p-3alpe
37

apSP-343n°

(28)

3p3p-3a3pe
(29)

3p3P-4s3pP°®
(30)

3plp-3atre
3pip-3aipe
3z
3plp-4a1pe
(33)
3pls-gglpe
4,

3
3pls-saipe
(35)

3a3Fe_qp3p
(36)

3a3Fo_arlF
37
3a5F°-423p
(38)

3a3re-ar3e
[€5)]

3a3Fe-aric
(40)
3alpo_gplp
a1
3alpe_grip
3dD°-4r3F
(43)

Laboratory
A Ref

Int

N II continued

4110.00

6504.9
6533.0

*6545.3

6493.0
6533.3

£340.67
*6387.0

6328.6
6347.1

*4241.787

*4241.787
4337.049
4338.930

4181.17

4179.667

4173.51
*4156.8
*4160.8

4173.75

*4160.8
*4156.8

7139.8
7317.0
7359.3
7188.7

*7015.3

€813.36
6836.3

4432.739
4441.99
4433.48
4431.83
4437.97

4427.21

6342.53
4553.536
4530.403

*6167.83
4694.55
4677.93

*5535.39
5530.37
5536.26
5551.95
5543.49

*5535.39
5565.30
5553.54
5540.16

5013.026
*5005. 140
4997.23

*4964.358
4991.23

4145.764
4133.668
4134.081

*5179.50
5175.89
5173.37

*5173.33

5190.43
5184.97
5180.34
5199.50

4860.35

4718.43
4709.45
4703.57
4731.59
4713.13
4704.33
4698.63
4706.41
4700.13

[+

aa aooad> a P > aad 0 aa a aa

Q aaaayr 00 ol W

> a

>

PPr aawaoaa awoaaaoan

Qoawooaoaa a woa a aaa

o
=1

pH @ s OO0 O B

Q@ D FPREDOG ONWG

ER-

» mog)

AL

Q

=
HDO OO0 HAOMKGIN A M

(=4

HOO0OO0OO0O00OHN B OFN H DLW

.E
Low

P
High

36.10

35.04

27.58)

27.84g
27.84
37.84
27.84
37.84
37.84;
27.84

38.386)
28.36
38.36

39.99)
39.99
39.99
239.98
39.98
39,99
39.99
39.98
39.99

30.15)
30.33

30.83

3-3
3-3
1-2

2-3
1-3
0-1
3-3
2-2
1-1
23-1

1-2
0-1

3-1
1-1
3=3
1-2
0-1
3-2
1-1

1-3

3-3
3-4
3-4

1-0
1-3

5
Multiplet
(N0§

3alpe-qrd
(44)

. 3a3p°-4p®
(45)

3a3pe—_4pd
(46)

3a3po-srl
47
343D°-4¢3
(48)

333p°-4rl
4
333p°-423
(50)

3a3p0-4r1
(51)

3a3po_4p3
(52)

343po~ap3
(s3)

2333Po-4p3
(54)

3a3po-ar3
(55)

3a3po.4rl
(56)

3atFe_gpt
zalpe_ard
58
3a3Fo-4rl
(s9)
3aipe_gpl
3a: P‘;Qfa
61
3d£?°-4r1
(63)
3a5P-3p5Sp
(63)

SSSP-BPSP
(64)
385P-3p°s

(65)

3p5pe_3a5
(86)

3pSpe.3a5
7
3pSpe_3as
(e8)



8
Laboratory EP J Mult,ls:let
IA Ref Int Low High o

N II continued

§351.21 B 4 (37.84 30.15) 3-3 3pSpe-3aSp
5327.45 B 0 27.84 30.18) 2-3 (69)
5313.43 B 0 (27.84 30.16) 1-1

5340.30 B 1 (27.84 30.16) 3-2
©5320.96 B 3 (37.84 30.16) 2-1

5338.66 B 2 (27.84 30.15) 2-3
°5330.96 B 3 {27.84 30.16) 1-2
°5179.50 C 5 (37.84 30.23) 3-4 3pSpe-3a5p
5171.46 [+ 1 37.84 30.23) 2-3 (70)
5168.24  C 1 (27.e4 30.22) 1-3

5183.21 c 3 27.84 so.zsg 3-3

5174.46  C 1 (37.84 30.23) 2-3

5170.08 [4 1 27.84 30.22) 1-1

5186.17 B o} 27.84 30.32) 3-2

6888. 7 B 2 (28.36 30.15) 2-3 3p5s°.3a5p
6870.8 B 1 (38.36 30.16) 2-3  (71)
6857.6 B 1 (28.36 30.16) 2-1

N IIT I P 47.3¢ Anal A List A  Apr 1943
4097.31 . A 10  27.32 30.33 3-1 333.38po
4103.37 A 9  37.33 30.33 %- (1)
4640.64 A (10) 30.33 32.99 14-34 32pe_3p
4634.16 A ss 30.33 32.99 1 (3)
4641.90 A 7)  30.33 32.99 1}-1

4514.89 A 7 35.52 38.25 23-3) 3s4f°33p4n
N 35.50 38.24 1}-2} 3
4510.93 A 6 (35.50 38.23 13

4534.57 A 3 35.52 38.24

40835.60 A 4 85.50 88.88

4518.18 & 3 35.50 38.23 3

4547.34 A 0  35.53 38.23

4530.84 A 1 35.50 38.23 1}- 3

3771.08 A 7 35.53 38.79 - 3g4po_apla
3754.62 A 6  35.50 38.79 1 (4)
3745.83 A 4  35.50 38.79

3367.36 A 7 35.53 39.18 23-2} 3e*Po_3pp
3361.90 A 2 35.50 39.18 13-11 (5)
3358.72 A 1 35.50 39.17 - 3

3374.06 A 6  35.52 39.18 24-1

3365.79 A 3 35.50 39.17 1}

3354.39 A 4 35.50 39.18 1}-2

3353.78 A 4  35.50 39.18 -1

4200.02 A 6  36.70 39.64- 13-2} 3¢3p°_3pp
4195.70 A 5 36.68 39.62 1 (8)
4215.69 B (3) 36.70 39.62 1i-1

3355.47 B za; 36.70 40.38 13- % 3¢8Po_3pls
3342.77 B i 36.68 40.38 - (7)
3938.52 A 4 38.17 41.30 13-3} 3p®p-3aPpe
3934.41 A 3 38.16 41.30 1 (8)
3942.78 B (1)  38.17 41.30 13-1

°4867.18 A 5 2 3p4n_3¢14p°
4861.33 A 4 2 3

4858.88 A 3 152

4858.74 A 2 1

4RR4 .14 A 1 2l z

4873.58 A 2 23-3

©4867.18 A 5 141

4896.71 A 0 332

4881.81 A 0 231

4348.36 A 5 3333 3ptp-3aipe
4335.53 A 4 232} ~ (10)
4328.15 4 3 131
£4323.93 A 2

4353.66 A 2 352

4339.52 A 3 231

4330.44 A 2 1

4330.14 A 2 23-3
*4323.93 A 2 132

4331.37 A 1 1

3792.87. A 1 33-24 3p4p-3atpe
3771.45 P 231 (11)
3757.66 P 1

3779.23 P 2%-2

3762.62 P 14-1

3752.65 P -

3770.37 P 13-2

3757.60 P 1

REVISED

Laboratory
A Ref

¥ III continued

MULTIPLET

Int

EP
Low High

TABLE
J Mult.i?let
o

4544.80 B (0) 38.48 41.20 1} } 42po_s58s
(13)
4546.36 A 3 38.79 41.51 13-3} 3pis-zatpe
4535.11 A 2 38.79 41.51 14-1 (13)
4537.86 A 0  38.79 41.52 1i-
6466.86 A 4 39.18 41.09 33-3} 3piP-3atpe
§463.95 A 3 39.18 41.09 13-2%  (14)
6445.05 A 2 39.17 41.09 1
6478.69 A 2 39.18 41.09 a3
6463.03 A 2 39.18 41.09 131
6450.78 A 2 39.17 41.08 -
6487.55 A 0  39.18 41.09 3%-1
6468.77 A 00  39.18 41.08 1%~
5314.45 A 2 39.18 41.51 3323 3p?P-3a4Pe
5282.53 A 00 39.18 41.51 13-1 (15)
5260.91 A in  39.17 41.52 $-
5298.93 A i 39.18 41.51 af-1
5272.60 A 1 39.18 41.52 1
5297.86 4 1 29.18 41.51 1k-2
5370.59 A 1 29.17 41.51 1
4003.64 A E4d) 39.23 42.31 3 42p_5pe
3998.69 A 3d) 39.233 42.31 13-3 (18)
4379.09 A (10d) 39.54 42.36 - 48F°_53G
(17)
Unclassified Lines of N III
4294.76 A On
4290.80 A 3n
4290.55 A 1in
4288.72 A in
4288.31 A On
4284.51 A in
3173.97 A 3
3171.14 A 1
EVISED
See NSRDS-NBS 3 Section 4, 1971
NIV IP77.09 Anal B List A Feb 1943
3478.69 A 7 (46.57 50.11) 1-3 39s5.33pe
3482.98 A 5 46.57 50.11) 1-1 (1)
3484.90 4 3 (46.57 50.11) 1-0
6383 P 48.00 49.94 0-1 3lg_3lpe
(2)
4057.80 B 3  49.98 52.98 1-3 alpe_3lp
(3)
7133.10 A 5 (50.11 51.85) 2-3 3%pe.3%p
7109.486 A 3 50.11 51.85) 1-2 (4)
7103.28 A 1 (50.11 51.85) 0-1
7137.21 A 1 (50.11 51.85) 2-3
7111.38 A -1 (50.11 51.85) 11
7129 P 50.11 51.85) a-1
5345 P 57.46 59.81) 3-3 38°Pe_3p3D
5236 P 57.44 59.80) 1-2 (s)
5281 P 57.46 59.80) 3-3
4538 P 57.46 60.19) 2-1 3s3pe_3pds
4408 r E7.44 €0.19 1=3 {6)
4479 P 57.43 60.18) 0-1
3463.36 B 1 (57.46 61.03) 3-2 383p°.3p%P
3454 P 57.44 61.01) 1-1 (7)
3474.56 B 0 {57.46 61.01) 3-1
3461.324 B 0 (57.44 61.01) 1.0
3443 P E7.44 €1.02 1-3
3445 P §7.43 61.01) 0-1
3747.66 B 0  58.44 61,68 1-3 3sipPe_aplp
— (8)
85734 BO.2€ 61.80 1-9 3p1P—5ﬂ19°
3834 P 59,36 63.59 1-1 3pipP-glpe
— (10)
4753 P 59.81 63.41) 3-3 3pSD-3d3pe
4733 P 59.80 63.41) 2-2 (11)
4762 P 50.81 62.41) 3-23
4740 P 59.80 62.40) 2-1
4723 P 59.80 63.41) 3-3
3714 P 59.81 63.14) 3-3 3p3D-3a°Pe
3689 P 59.80 63.14) 2-1 (13)
3696 P 59.80 63.14) 2-3

Laboratory EP J  Mul
A Ref Int Low  High (
N IV continued
5561 P éso.ig 62.41) 1-2 3p°
5571 P 60.19 62.40) 1-1  (
4183 P 60.19 53.14; 1-2  3p°
2174 P §0.19 63.14) 1-1  (
5846 P 61.03 63.14) 2-2 3p°
5794 P 61.01 63.14) 1-1  (
5828 P 61.03 63.14) 3-1
58123 P 61.01 63.14) 1-3
6125 P 61.52 63.53 3-2 Sd?
5073 P 61.69 64.12 2-1 3pt
REVISED -
See NSRDS=NBS 3, Section 4,
Y IP97.47 Anal A List A -Dec 1944
4603.3 P 36.31 58.99 13 2%
4619.4 P 56.31
3161 P 83.74 87.64 _,% 525
4335 P 87.64 90.49 - 6%
5273 3 87.85 90.30 - % 6°F
4751 » 87.95 90.55 — 62F
5067 P 88.05 80.49 — 6°D
4933 P 88.05 80.56 — 69D
4953 P 88.06 90.55 — 6°F
4943 P 88.06 90.56 — 69F
4945 P 88.06 90.56 52«(3
6719 P 90.30 92.13 - 73%
7330 P 90.49 92.17 - 72?
03I IP13.56 Anal A List B Apr 1944
7771.96 A 37 9.11 10,69 2-3 3%
7774.18 A 36 9.11 10.69 3-2
7775.40 A 25 9.11 10.68 2-1
6726.235 A 5 9.11 10.94 3-3 3°8
6726.50 A 2 9.11 10.94 2-1 I
3947.301 E 10 9.11 12.33 3-3 3%
3947.489 E 7 9.11 12.23 2-2 i
3947.594 E 4 9.11 12.33 2-1
*8446.35 A 25 9.48 10.94 1-2 3%
8446.76 A 23 9.48 10.94 1-1 {
*8446.35 A 25 9.48 10.92 1-0
4368.30 D (10)  9.48 13.31 1- 335;
3098.44 D (7) 9.48 13.68  1- 3352
11203.32 B 15  10.69 11.79 3-3  3°P.
11297.54 B 10 10.69 11.79 3-2 (
11294.87 B §  10.69 11.79 1-3
2805.99 A 16 10.69 18.05 3- 3°P-
9262.73 A 15 10.69-12.03 2~ {
9360.88 A 14  10.69 12.03 1~
6456.01 A 17  10.69 12.61 3-3 35P-
8454.48 A 16 10.69 12.61 3-3 (
6453.64 A 15  10.69 123.61 1-3
6158.19 A 18  10.69 13.70 3- 35P.
6156.78 A 17  10.69 123.70 3- (1
6155.99 A 16  10.69 13.70 1~
5436.83 D 8) 10.69 12.96 3-3 35p-
5435.76 D 6) 10.69 12.96 3-3 = (1
5435.16 D 5) 10.69 13.96 1-3



REVIBED MULTPTIPLET TABLE 7

atory EP J  Multiplet Laboratory EP J  Multiplet Laboratory EP J Mulm?let
Re? Int Low  High (mS IaA Ref Int Low High (No§ Ia Ref Int Low High (No
nued 0 I continued 0 T continued
D (10) 10.69 13.0¢ 3- 35p-55p°  e5958.63 A 9  10.94 13.01 2~ 33p.5%pe 7947.56 A 13 12.49 14.04 3-4 3g' Spe-zp! &
D 7 10.69 13.01  3- (13) 5958.46 A 7 10.94 13.01  1- (23) 7950.83 s 10 12.45 14.04 2.3 (35)
D 6) 10.69 13.01 1- . *5958.63 A 9  10.94 13.01 O- 7952.18 A 9 13.49 14.0¢ 1-3
: 3 .3 7943.15 A 6  13.49 14.04 3-3
D 5)  10.69 13.15 3.3 35p_75ge 5554.94 D (64) 10.94 13.18 3-1 3°P-7°g° 7947.304 € 3 13.49 14.04 2-2
D 4 10.69 13.15 3-3 (13) (34?5 7939.49 A 1 12.49 14.04 3-2
D 3) 10.69 13.15 1-3 §513.71 D (54) 10.94 13.18 3~ 33P.6%pe 3 .
) 3(3 3823.469 C 10  12.49 15.71 3.3 3s' “DO3pt ¢
D 6) 10.89 13.18 3- 35p-gSpe §399.00 D (5) 10.94 13.37 3-1 3°p-8°s® 3824.435 C 3 12.49 15,71 2-2 (38)
D 5) 10.69 13.18 3- (14) (a8} 3825.090 C 3 12.49 15.71  1-1
D 4)  10.69 12.18 1~ §375.08 D  (4) 10.94 13.38 2~  33p-?ope 3822.63 P 12.49 15.71 3.2
5 37, 3835.349 4 13.49 15.71  2-3
D 4) 10.69 13.36 3.3 35p-g%se *5146.06 D  (5) 10.94 13.34 3-1 33P-93ge 3825.530 € 1 12.49 15.71 1-3
D 3) 10.69 13.36 2-3 (15) 3(353
D 3) 10.69 13.36 1-3 ©5130.53 D  (3) 10.94 13.35 3~  33p-8°p° .
(29) 8820.45 A 15 13.67 14.07 23-3 3g' lpeap
D 5) 10.69 13.38 3- 3°p-75pe 3954.887 € 10 10.94 14.06 3-3 33P-3g" 3pe (137 .
D 4) 10.69 13.28 2 (18) 3953.983 ¢ 1 10.94 14.06 11 (30) 7156.80 A 13 13.67 14.40 23-2 3g' 1D 3pt
D 3) 10.69 13.38 1~ *3953.056 € 3  10.94 14.06 3-1 (38)
5. o5 3951.987 C 3 10.84 14.06 1-0 _—
D (3) 10.59 13,34 3-3 3°P-9°8° 3954.596 C 5  10.94 14.06 1-3 ©5146.06 D 553 13.82 15.33 -2 5°p-3a' 3¢
N (3a) (10-69 13.3¢  2-3 (17) *3953.056 C 3 10.94 14.06 O-1 *5130.53 D 3) 12.83 15.23 -t (29)
10.69 13.34 1-3
D 4) 10.69 13.35 3- 3°p-gSpe -3 3%p°-3p! 3D 5750.434 C §  13.07 15.33 -3 6°P-3a' 3
D gsg 10.69 13.35 3~ (18) *6334.84 A 8 12.08 13.8% ( 73 " (5]) 5731.108 ¢ 3 13.07 15.23 -1 (40)
D 3) 10.69 13.35 1- 6333.39 A 1 13.03 13.99 -1 5730.613 ¢ i 13.07 15.33 -0
A 9  10.94 13.48 3-3 33P-3g' 3p° 7035.58 A 3 13.31 14.08 -3 4°P-3g" 3P° 9156.02 4 4 13.99 15.33 34 3p' dp.za'
A 7 10.94 13.49 1-3 (19) : 3(32)
A 5  10.94 13.49 0-1 4333.33 D 7 13.31 15.88 -3 45P-3a' 3p° =7706.77 A §  13.99 15.59 3-2 3p' BD-spd
A 4 10.94 13.49 23-3 4333.78 D 5 12.31 15.33 ~1 (33) 7663.45 s 3 13.99 15.60 2-1 (42)
A 4 10.94 18.49 11 4317.08 D 4  13.31 15.33 -0 7639.99 A 1 13.99 15.60 1-0
) 3 .3 °7706.77 A 5  13.99 15.58 2.2
A 17 10.9¢ 13.64 3-1 3°P-5°8° 7665.48 A 1 13.99 15.60 1-1
A 15 10.94 13.64 1-1 (30) *8331.84 A 15  13.49 13.99 3-3 3g' 3pzp' Jp
A 17 10.94 12.64 0-1 *8330.01 A 10  13.49 13.99 2-2 (34) 6106.35 A 4 13.99 16.01  3-4 3p' 3p-4a’
. 8233.99 A 13  13.49 13.99 11 43)
A i7 10.94 18.70 8= it ot e v *8881.64 A 15 18.49 15.99 =8 *5995.388 A S 13.99 16.04 3-8 ¥p' Sp-ag’
A 15 10,94 13.70 1- (31) 8337.64 A 11 13.49 13.99 31 5991.93 A 3  13.99 16.05 2-1 (44)
A 17 10.9¢4 13.70 O- *8330.01 A 10 13.49 13.99 3.3 5991 .34 A 1 13.99 16.05 1-0
8335.31 A 5  13.49 13.99 1-3 *5095.38 A 3 13.99 16.04 2-2
A 10 10.94 13.98 3-1 3%p-g®se 5993.18 A 1 13.99 16.05 1-%
A 8 10.94 13.98  1-1 (a3) :
A 10  10.94 13.88 0-1 — —_—




8 REVISED MULTIPLET TABLE
Laborator, EP J  Multiplet l.aborat.ory EP J  Multiplet Laboratory
A or;ef yInt low High (Nog Ref Int low High (Nos, Ref Int
0 I contiunued 0 II continued 0 II continued
9522.01 A 4  14.04 15.33 4-4 3p' BF-3a' 3F° 3926.58 P 35.55 28,70 23 3p9p°-3a%P  4943.06 B 7
4 3896.30 B 1 25.54 38.71 33-1%  (11) 4941.12 B 5
9499.39 A 0  14.04 15.34 4-4 3p' SF-3a' 1G° 3873.45 B 1 25.53 38.71 1 4955.78 B 3
9505.67 A 5  14.04 15.34 3-4  (46) 3907.45 B 4  35.54 38.70 3%-3
3883.45 B 1 235.53 38.71 14-14 3803.14 B 61
v9498.04 A 8  14.04 15.34 4-5 3p' 3F-3a' 36‘13864 13 © 1 25.53 28.71 1 3821.68 B 41
9487.49 A 6  14.04 15.3¢ 3-4  (47) 3893.53 B 3  25.53 28.70 13-2 3830.45 B 41
*9498.04 A 8  14.04 15.3¢ 2-3 3874.10 B 3 35,53 28,71 14 3794.48 B 31
6266.85 A 3 14.04 16.01  4-4 3p' 3F-4a' 3F° 3882.197 A 7  25.55 28.73 3% 3p4pe-3a4p
48 3864.456 B 6§  35.5¢4 28.73 33-3%  (12) 4448.31 B 6
6264.55 A 3 14.04 16.01 3-4 3p' SF-4a' 1G° 2851.04 B 3  25.53 38.73 1 4443.05 B 5
49 3847.89 B 3  235.53 28.73 4- %
*6261.55 A 6  14.04 16.01 4-5 3p' 3F-4a' 30°13883.15 B 3 25.55 38.73 33-3% 4189.788 A 10
6256.84 A 4 14.04 16.01 3-4 (50) 3864.68 B 1 35.54 38.73 3414 4185.456 A 8
*6261.55 A 6  14.04 16.01 3-3 3856.16 B 5  25.53 88.73 13- 3
3 5  3863.50 B 3  35.54 28.73 24-3] 4113.82 B 1
*5410.76 P  (4) 14.04 16.33 4-4 3p' gi-sa' Fo ggig.gé g g g@gg gg.ylg 1 'f 4110.30 B 1
=1 .
*5410.76 F  (4) 14.04 16.32 3-4 3p' 3F-54' ig° 3741.69 C 0
(53) 3851.47 © 0  35.55 38.76 3 3p4po.348F
5408.59 D 543 14.04 16.33 4-5 3p' “P-5a' 3g° 3857.18 B 4 35.54 38.74 3#-2 (13) 3373.53 B 71
5404.87 F 3) 14.04 16.33 3- (53) gggg.gg § § gg.gi §§';§ 3 -g 3270.98 B 71
3843:59 B 2 25:53 28:74 1 -
8426.326 © 4  14.06 15.53 3-3 38" 3p°-dp' 3p *4699.31 B ?
8428.342 C 2 14.06 15.53 1-2  (54) 2134.838 B 101 135.55 29.49 3} 3p4D°-4etP 4703.18 B 3
8429.138 C 1 14.06 15.53 0-1 3138.44¢ B 81 35.54 39.47 33-1%  (14) 4698.48 C 1
8420.968 C 1 14.06 15.53 2-2 3139.77 B 41 35.53 29.46 1 .
84234.780 C 1 14.06 15.53 1-1 :uag.sa B $1 ag.g4 23.4?, 34-3 4337.48 B 3
3139.44 B 1 35.53 39.47 13-1 4331.89 B 2
7476.45 A 12 £4.06 15.71 2-3 36t 39'—1;# 3p 3134.32 B 31 26.52 20.46 — 4327.80 B [+
74;3.22 A g 1::32 12.31 3’3 (55) gigs.zz g ﬁ gg gg gg.-;g 13-3 4331.47 B o
7480. A 14. 15.71 -1 134.03 4 1
7473.23 A 5  14.06 15.71 3-3 —_— 4193.50 B 3
7477.21 A 7 14.06 15.71 11 4196.73 B .1
7471.36 A 2 14.06 15.71  3-1 4590.871 A g ss.sg ag.u 3-3 3g' 3D—3p' 3p0 4196.36 € 00
4596.174 A 35.55 28.24 (15
_— — 3062.13 B °
9760.65 A 5  14.07 15.34 3-4 3p' 1F-34' 1G° 4351.369 A 6  35.55 28.39 2333 3¢ Bo-;p' 3p
) 4347.435 A §  35.55 28.39 1#-1 (16) 3407.38 B 71
9741.48 A 4 14.07 15.34 3-4 3p' lp-3a' 3¢e 3408.84 B 61
57) 3911.960 A 10  35.55 38.71 2h-13 3¢ 3p-3p' 3p°
9677.41 A 1 14.07 15.35 3-3 3p' 1;-;)34- ipe 3919.287 A 6  a5.55 38.70 1 (17)
3913.088 B 2  35.55 88.71 1i-1 6895.39 © 5
6374.31 A 4 14.07 16.01  3-4 3p' 11;7)«' 1ge : 2§°8'§§ g 4
. § 10. 3
6366.33 A 3 14.07 16.01  3-4 3p' go-)w 3@° %4357.35 B 0 35.74 28.57 24-3% 3ptPe.3a4r  6908.11 ¢ 3
18 6846.97 C 1
6351.17 A 0 14.07 16.02 3-3 3p' (1;-)44' 1pe 3128.320 A g 32.34 gg.vo 33-3 3p(P;73d4P 6869.74 C 1
1 140. B 35.73 38.71 1i3-1 1! €885.07 C 1
5492.8 F (3) 14.07 16.32  3-4 3p' (1F-5d.' 1a° 4131.48 B 4 5.73 38.71
(63) 4156.54 B 3 35.74 38.71 331 4098.37 B on
5486.5 F (3) 14.07 16.33 3-4 3p' 1p-52' 3G° 4139.34 B 3 35.73 38.71 &
(e3) 4153.308 A 7 35.73 38.70 13-3 4107.07 B in
4132.806 A 6  25.72 38.71 1.
7886.31 A 4 14.31 15.38  1-3 3¢" LP°-3p" 1D 4089.395 A an
64) 4119.331 A 8  35.74 38.73 2 3pdPe_3a%p +4097.360 A 4n
6653.78 A 5  14.31 16.16 1-0 3g" (1§°)-:sp' 13 :384 743 A 5 35,73 88.73 13-3%  (230) 4095.63 B On
7.360 A 4n  35.73 38.73 3-1 4087.16 B an
i10:000 A 3 5.7 bairs ais s o oa
. . . 5t
4103.017 A 5  85.73 38.73
4130.554 A 3  35.74 38.73 33-1 4071.30 B 0
OII IPB3500 AnalA ListA Mar 1944 4110.795 A 3 35.73 38.73 1 4083.907 A an
B L0 BERR BT OGS 1 ) BRER duchye gEr o3 on
. . . . . 1; 1 48.32 B in
4638.85¢ A 6  223.87 25.53 9 4113.039 A 4  35.74 38.74 233 4041.31  C od
4576.234 A 8  23.90 35.54 33.18 C od
2223 'gif 2 g gg.gs gggg gg:g.:g; A é 35.73 28.83 3: g 3p‘(lp'ssd3p 54.10 C 0d
. . . . c 25.73 238.82 1 33 4046.15 ¢ 004
4696.36 B 3 22.90 25.53
4673.75 B 4  33.88 25.53 3287.59 B 91 25.74 39.49 3% 3ptPo_4gdP .
3895.13 B 41 35.73 89.47 14-1 3"(33) ® ﬁgg,%g 8 %
4349.426 A 8  22.90 35.74 3a4p-3pdPe  3301.56 B 31 35.73 39.46 4036.40 B on
4335.865 A 6  23.88 25.73 (2) 3305.15 B 61 35.74 39.47 3i-1
4325.77 B 3 23.87 25.72 3306.60 B 61 35.73 39.46 1 3371.85 B 2n
43656.896 A 7 23.90 25.73 3377.89 B 71 25.73 39.49 13-2 3375.77 B 0
4345.562 A 7 22.88 25.73 3390.12 B 51 235.73 39.47 1. 3360.15 B 00n
3313.5% A 8 gg.gg 22.34 ; 3367.00 B 00n
17, .87 23.73 — - 3370.33 B 00n
4751.34 B 4  26.14 38.73 3 2po_334
3749.49 B 9 22.90 36.19 33-13 3g%P-3p%s®  4710.04 B 5  26.11 38.73 F 3 3p(g )3‘i ?
2327.33 B 8 23.88 36.19 13-1 (3) 4753.70 B 2 36.14 38.73 4317.65 c 0
12.75 B 7 32.87 36.18 1 4307.31 B in
4705.355 A 8  36.14 38.76 p3n° 348F
i ' *4699.31 B 7  36.11 38.74 35) 3. B 5
2228:38 g i §§§§ gg:g 13— g sﬁ:(»-;?pas' 4741.71 B 3 35.14 38.74 ( 4394.83 B sg
’ ) - 395.95 B 7 36.14 38.94 B 3pe_saBy iaes.es o o
4 . . . -, .
4414.909 A 10  23.34 26.14 1 363P-3p30°  4369.38 B 4 36.11 23.92 1 f 3p(gs)3d ° 2222_22 g izg
4418.975 A 8 83.33 26.11 -1 (5) 4406.03 B 1 36.14 38.94 3#-1 *4376.71 B in
4453.377 A 6 33.34 36.11 13-1 4359.38 B 1 36.11 38.94 14-3; ’
91.35 B in
3373.2363 A 10  23.34 26.45 1313 3e3P-3pBP°  3470.8 Bpo_eeBp 13
a3 & 7 msaaces 33 (5) aa0.8 B 5 a6t s9.er i’gi Fapyer Lo x 0
382.719 ﬁ g gg gg gg::g 1: - 3447.98 B 5  36.11 39.69 13-1 3013.37 B 3
4934.60 B 8  36.19 38.70 13-3% 3p®sc_3a%P 4871.58 B 5
3496. 3 .
MER D o BEER PIVGOERR 1§ ERER e ee 5 s
| 4701.33 B 3
3474.94 B 1 25.18 38.73 3 3 SpQ?;;za'in :ggg.:g g g gg.xg gg.;g 13-3 3"?5;33"49 4691.47 B 1
3390.25 B 8  25.18 38.88 -1} 3p289.3a3P  4ae4. 213 2872 11 470176 B 0
ovam o § szt g 1 64.95 B 3 36.19 38.73 1 4890.87 B 0
4845.010 B 1 36.19 38.74 13-3% 3ng;$343? %4469.33 B 3
4075.868 A 10  25.55 28.58 33-4d Fptpo_zatr  3739.9: g
4072.164 A 8  25.5¢ 28.57 25.3%  (10) e B4 38.10 29.49 133 3P(§;;4!"P 41437 ¢ 1
:ggg:ggg ﬁ 2 gggg gg.gg 1 _-;z 77.60 B 41 26.19 29.46 1 4338.63 B 3
2832.?;2 2 g gg_gs gg.gg 3 4319.93 B 1
. .54 28.56 24-3 5306. 7, . .
4078.862 A 4  25.53 38.55 11 s:so.og : i 22 ﬁ gg gg k. sp?!;,;')'uap L 305 S 4 3
4382'23 B 0  25.55 38.56 33-3 5176.00 B 3 36.45 38.83 s7a.3¢ B 3
4094.18 B 0O  25.54 38.55 331 5190.56 B 3 236.44 -28.83 1 -

E P 3 Ml
Low High (2
36.45 38.94 13-33 3pd1
36.44 28.94 1 (z
36.45 38.94 1#-1
26.45 29.69 13-13 3pd}
36.44 29.67  #- (:
26.45 29.67 1
26.44 29.69 31
28.24 31.01 3 3p! .
28.24 31.01 84-3; (z
28.24 31.18 44 3pt -
38.34 31.18 23-3 (z
28.24 21.34 3 a Bp';
38.34 21.34 (z
38.34 31.54 51}-3«} 3p'i
38.34 33.01
28.34 33.010 23—
38.39 31.01 3i-3% 3pt
28.39 31.01 1$-3 (4
28.38 31.01 23-2
28.39 31.34 33-3} '
28.39 31.34 1%-1 (4
288.30 24.84 3i-1
28.39 31.34 13-3
38.39 31.33 23-1% D'
88.39 31.33 14- (4
28.39 31.33 13-1
28.30 24.50 33-1dr3pt !
38.39 32.01 z ap' i
28.39 32.01
38.58 30.37 43-33 3a4F
28.57 30.36 3%-3 (4
28.56 30.35 23-1:
28.55 30.34 1.
28.57 30.37
38.56 30.36 2
28.55 30.35 1d-1
38.55 31.56 13-3% 3a4p
4
28.56 31.57 33-3% SdiF
4
38.58 31.60 34'5'11
38.57 31.58 4 (4
38.56 31.57 213
38.55 31.57 1d-3%"
28.57 31.57
38.56 31.57 3
38.57 31.60 43 3ady
38.56 31.58 33-3: (¢
38.58 31.62 43 3847
38.57 31.63 3332 (5
38.56 31.61 23-2
38.55 31.61 1d-1#4
38.57 31.61 3
38.57 31.62 41
88.57 31.63 33 3aép
38.56 21.63 :3%'3 (5
28.55 31.63 13-3
28.58 33.34¢ 43-33 3a¢F
28.57 33.33 3% (5
38.57 32.34 3
38.56 32.33 3
38.55 32.33 14-1#
38.71 31.56 13:3 3a4p
38.71 31.58 1 (s
28.70 31.57 3 3a%p
8.71 31.58 13-3 (s
28.70 31.58 33-3
28.71 31.58 14-1
28.71 31.59 %~
28.71 31.59 1
28.70 31.57 33-3}% 3aép.
28.71 31.57 1i-3 (5!
38.70 33.79 23-33% “?‘5"
|
38.71 31.34 %ng ! 3
38.70 31.34 1. (s
38.71 31.33 13-13 ' 3
38.70 31.33 4- (5t
38.71 31.33. 1
28.70 31.33 1:
38.71 31.47 13-3% Sp‘( a
38.71 31.50 1313 3p' 8
38.71 31.56 1 3p‘
38.70 31.56
38.71 33.01 1 z apt
38.70 33.01 (e‘




44

[FINFS

E
Low

(BS .73
38.73
38.73

38.73
38.73
38.73
38.73
38.73
38.73

28.73
88.73

38.73
38.73

P J  Multiplet
High (No§

31.58 3i-13 3a%p-4zdpe
31.58 14-1 (83)
31.56 143

31.57 3a4p-4répe
31.58 23-3% (64)
31.59

31.50 1

31.57 2 3

31.59

31.58 33:3 aa4n-4x4a°
3107

31.58 . 3334 3d4n.4f35°
31.83 344D 4rdFe
31.68 3 (87)
31,63
31.61
31.61 1

31.63
31.63

31.63 &

3a%p-4r3Fe
(88)

DIGIDI DG kD) CI S DI O

33.84 33 3a4p-5ptpe
- (89)
33.36 33 3a4p-5ptPe
32.35 1% (70)
.36
33.35 1
33.31 33-1% 3a4p-5pdp°
22.70 3193adp B2épe
33.78 53:33 (73)
33.81 334} 3aiD-5£4G°
33.84 334D-574F°
33.84 383 (74)
33.84 3,
31.58 13«2!'-4:‘:»
31.58

'31.58 4% 3:13r-4r4u‘
31.57 3k (78)

31.60 33354230
31.58 2 (77)
31.83 3a8p_424F°
31.63 (78)
31.63

31.81

231.63 3a8F-.423p
31.63 33-3 (79)
33.26 3333 uar.5p4p-
33.33 MP’-Sp‘D"
33.31 3?-13

33.81 334} :saar_sr‘irc'

33.83 348F-5£3G°
33.81 343 (83)

33.84 33-4} 3a%r-5riwe

(84)
30.68 13-14 3a3p-4p3pe
30.88 1 (8s)
30.67

31.56 1 33 Map-u?m
31.58

31.58 13-3 343r.4t4n°
31.59 4-1%  (87)

21.57 13-8} safp-arde
(88)

31.56 33-3% 3a8p-4r3pe
31.58 1% (89)

31.58 133} 3a3p-4ripe
31.58 2333 3d n-q.racv

31.63 34 n-4r4s‘°
31.81 (93)
31.81

31.63 3} 3a2p_4a¢3pe
31.63 1#-3 (93)
31.63 333

33.06) 33-3} ep33s68°-
33.06) 33-3 apS3p6p
33.08) 34-1 (94)

33.94 13-3314p3Po_aa’ 3p
34.3¢4 13-3} 4pdpe5st 3p
(98)

REVISBSED

Laboratory
A Int

Ref

0 II contimued

MULTIPLE? TABLE

EP J uult:.?let
Low  High (No

storatory
Ref

Int

0 III continued

4060.58 B 3n  31.01 34.05 3 42 3@ 2F-4rt 3g® 3735.30
4060.98 B 2n  31.01 34.05 3 (87) 3714.03
37383.13
*4054.10 C 0d  31.01 34.06 3@ 3p-4r' 3o
4054.55 c 00d 31.01 34.06 343 (o8) gug gg
4034.06 B in  31.01 34.08 —  34' 3F.4f' 8p° 3430.60
— (99) 3408.13
3438.67
4308.81 c 04  31.18 34.05 :3:% 34" 3@-4:‘ 3G° 3405.74
4303.06 © 04 31.18 34.05
4855.7% [+] 4q 31.18 34.09 5&‘ aﬁ-“' e 5508.11
4353.98 C 4d  31.18 34.09 (101)
3961.59
4378.41 c 0 31.34 34.06 a 3a' 2p-4f' 3pe 3816.75
4378.01 ¢ 0  31.84 34.06 (108)
*4343.36 © 04  31.34 34.08 a 34' 8»-«‘ 2pe 5368.06
4343.83 C 14 31.34 34.08 137
3034.33
4488.08 B 3n  31.33 34.08 13-3} 33" 3p-4r! 3po
4487.73 B On  31.33 34.08 (104)
3703 37
4843.36 B in  31.56 34.10 13- 34’ 3g.4rt 3pe 3895 37
(105) 3780.86
. - T 3712.48
4146.08 B 3 (33.08 36.03 sp33pEP. 3704.73
4143.77 B 3  (33.08 36.03) 3 ap33a6pe  3734.80
4143.34 B 0 (33.08 36.03) 1 (106) 3731.95
4145.90 B 0 (33.06 36.03 3709.53
4143.58 B 1 (33.08 36.03} 3i-2;
414196 C 1 (33.06 36.03) 1d-1 3350.99
4143.08  C 1 (33.06 26.04) 1 #3344.368
: *3336.78
331810 © 3 (33.08 36 a spS3pEP- 3362.38
3316.76 C 1 (33.06 6. 89 p34.65~ 3350.68
3216.08 -] o 22.08 26.80 a (10%) £22332.00
*3330.40
Btrongest Unclassified Lines Attributed to O II
4506.50 B an 4081.10
3430.61 B 3n 4073.90
3419.87 B 3n
3081.46 B 3n 3556.93
3006.83 B 3
3006.04 B 3 3455.13
3005.63 B 3 3450.94
m3448.05
3446.73
2447.22
3466.15
0IIT IPS4.7L Anal B List A Sept 1943 3459.98
345¢.90
4339.5 A 00  33.01 35.93 1.1 3s9Po.3plP  3451.33
5 3 486.90
3759.87 A 9  33.04 36.33 3-3 3s°Pe-3p°D  3450.52
3754.67 A 7  33.01 36.39 1-3 (3)
3757.31 A 5  33.99 36.38 0-1 3088.04
3791.36 A 6  33.04 36.29 3-3 3083.65
3774.00 A 6  33.01 36.38 . 1-1 3075.19
3810.96 A 3  33.04 36.38 3-1 3085.81
3084.63
3340.74 A 6  33.04 36.73 3-1 3s%P°-3p38  3074.68
3313.30 A 5 33.04 36.73 1-1 (3) 3068.0
3299.36 A 3 33.98 36.73 O-1 3075.95
3074.15
3047.43 A 8  33.04 37.08 3-3 383Po-3p3P  3068.68
3035.43 A 4 33.01 37.07 1-1 (4) 3065.01
3059.30 A 6  33.04 37.07 3-1
3043.08 A 5  33.01 37.08 10
3033.45 A 5  33.01 37.09 1-2 3384.95
3034.57 A 4  33.99 37.07 O-1 3383.69
—_ 3394.36
3383.85
5593.37 6  33.71 35.98 1-1 3elp°o_3plP  3376.83
3983.78 A 9  33.71 37.85 1-3 3slP°_3plD  3355.93
(e) *3336.78
-_— 3326.16
3983.66 A 1 35.93 40.05 1-3 3plP-3a3F°  3348.05
- (7) 3333. 49
' $3344.36
3385.46 A 10  36.33 40.10 3-4 3pSp-3a®F° ©3330.40
3260.98 A 8  36.39 40.08 3-3 (8)
3367.31 A 5  36.38 40.05 1-3
3884.57 A £3 36.38 40.08 =3 3879.97
3381.94 A 3 36.39 40.05 3-3
3305.77 A 0  36.33 40.05 3-3
: 3728.83
3353.94 A 3 36.39 40.09 3-2 3p3D-3alpe  3728.49
3338.57 A 5 36.38 40.09 1-2 (9) 3739.70
3017.63 A 5  36.33 40.41 3-3 3pSD-3a3D® 3315.97
3004.35 A 4 36.39 40.40 3-3 (10) 3307.13
3996.51 A 3 36.38 40.40 1-1 3300.95
3084.36 A 1 36.32 40.40 3-2
3008.79 A 3 36.39 40.40 3-1
3997.71 A 2 36.89 40.41 3-3 4539.7
3993.11 A 3  36.38 40.40 1-3
—_— 4401.56
m4447.83
3363.83 A 1 36.73 40.40 1.3 3p33-3a3D°  4440.1
3368.40 A 00 36.73 40.40 -1 (11)
3133.86 A 6  36.73 40.87 1-3 3p3s5-3a3P®  4555.30
3131.71 A 5  36.73 40.69 1-1  (13)
3115.73 A 4 36.73 40.68 10 3638.70
3646.84
3653.00
3440.39 A 4 36.82 40.41 3-3? 3pé 1p-3a3pe 3645.30
(13) 3650.70-
3649.30
3715.08 A 6  37.09 40.41 2-3 3p3p-3a3p°
270?2.04 A e T7.07 40 (14)
3708.75 A 5  37.08 40. 40 o_

errrrr PE>

> td

PPl PhEbbbIEhE

>

U wE> PP Prbubd>

oy = »ow »aa o bbb Qbbb

T S L

DU RGO MDD

w | » o -

o

BRARRDE DHP GG UR

» Or

800088089»& COorDBMBHBGH G

-

B DOGIG DG
~

9
-

—_~

B B HmOMm

~———

! 80»».;:(.! =] l og- 8

37.85
37.85
37.85
38.

40.68

40.09
40.96
41.08

49.58
49.56
49.55

50.11
50.10
50.10

49.10
49.14

49.15
49.15

49.43

50.11
50.10
50.10
50.10
50.10
50.10

2-3
31

0-1

3-4

1-2
3-3

1-1
3-3

1-0
3.3

1-1
3-8

8-3
1-3

8-3
1-3

8-3

0-1

3-4
3-3
1-2

33
3-3
1-1

3«3
3-3
3-1

3-2

2-3
1-8

2-3
1-1
8.4

9

Multiplet
(Nog

3p3p-3a3D°
(14)
cont

3p3p.3a3pe
(15)Q

sp*D-saip*
18
3pip-3aire
17
3plp.zalpe
(18)
3pls.zalpe
(19)
3alpe_qplP
(20)

3!5P-3p5D°
(1)

SssP-SpSP'
(22)

3g3p-3p3p°
(a3)

SnzP—3p3P°
(34)

3pSpe-3a5F
(3s)

3pSpe_3aSp
({36)

3pSpe_3a5p
(37)

3pSpe_3a5p
(38)

4pts-balp®
(29)

3p3pe_3adF
(30)

3p3pe-3a3p
(31)

3pSge_zaSp

apS3°-3a5p
(33)

3p3pe_3adp
34
3pSPe~3a3p
(35)



MULTIPLET

TABLE

10 REVISED
‘borator, EP J Multiplet Laboratory EP J Multiplet
1 ALE raef ymt Low High (Nog A Ref Int Low High (Nog
0 III continued OV IP113.38 Anel B List A Feb 1943
4569.50 A in 52.63 55.33 3-37 3ptDe-3alr 5114 P 69.39 71.70 0-1 31sz:is;p=
. in 52.63 55.39 3-31 3pipe-3alD
4474.95 4 & p(:57) 3144.38 A 1 71.70 75.63 1-3 31175.3511)
5600 P 71.93 74.13) 2-3 3%pe_33p
5583 P 71.91 74.13) 1-3 (3)
0IV IP77.08 AnslB List A Mar 1943 5573 P 71.91 74.13) 0-1
— 5606 P 71.93 74.123} 2-3
3062.46 B 6  44.15 48.18 13 38s.38p° 5584 P 71.91 74.18) 1-1
3071.66 B 5  44.15 48.17 (1) 5608 P 71.83 74.12) 31
3411.76 B 4 48.18 51.79 13-24 38pe.38p 4133.90 A 3 (80.63 83.63) 2-3  3s3P°~3p®D
2402.58 B 3 48.17 51.79 1 (2) 4120 P 80.58 83.58) 1-3 - (4)
3413.71 A 1 48.18 51.79 11 4133 P 80.56 83.56) 0-1
4179 P 80.63 83.58) a-3
4151 P 80.58 83.56) 1-1
3385.55 B Ee; 54.19 57.84 23-3% 3s%Pe_3pip 4211 P 80.63 83.56) 2-1
3381.28 B 4)  54.16 57.81 13-3; (3) 3 3
3381.33 P 54.14 57.79 1 3275.67 A 0 (80.83 84.39) 3-1 3s5P°_3ps
3408.75 B 222 54.19 57.81 333 3239 P 80.58 84.39) 1-1 (5)
2396.83 B 2  54.16 57.79 1d-i. 32233 P 80.56 84.39) O-1
3390.37 P 54.14 57.78 o
2325.57 B (0) 54.19 57.79 2-1. . s
3405.97 P 54.16 57.78 13- 3058.68 A 0  ©83.03 86.07 1-83 3g l(?;$3p D
3348.11 A 3 . 55.93 59.62 133} 3¢2P°.3pdp  4554.38 A 0  83.04 85.75 1-2 3piP-3aip°®
2348.08 A 2 55.90 59.59 3.1 (4) (7)
3378.08 A [o] 55.93 59.59 14-1
3747 P 83.63 86.91) 3-3 3p3D-3aD°®
3052.54 & 1 55.93 59.97 1 383po_3pds 3717 P 83.58 86.90) 2-3 (8)
3028.04 & 0  55.90 59.97 %- (5) 3701 P B3.56 86.89) 1-1
3763 P 83.63 86.90) 2-3
3726 P 83.58 86.89) 3.1
*2736.78 B 24) 57.84 61.14 33.4) 3pip.zatre 3703 P 83.58 86.91) 83-3
3728.03 B 3} g;-?; gi.ii : —g (6) 36938 ¥ B3.56 85.90 1-8
*3735.81 B (B) (57178 61.10 &1 3208 P 83.63 87.36) 3-2 3pSD-3aSPe
3758.45 B [ 57.84 61.12 333 3349 P 83.58 87.38) a-1 (9)
3744.73 B 0 57.81 61.11 34-3 3333 P 83.56 87.39 1-0
3736.78 B 4 57.79 61.10 14-1 3364 P 83.58 87.36 3-3
3772.38 P 57.84 61.11 3%-3 3230 ) 83.56 87.38) 11
3755.82 P 57.81 61.10 3i-1 3345 P 83.56 87.36) 1-3
3209.5¢ B 3) 57.84 61.68 3 3p4p-3a4pe —
2194.75 B 1)  57.8L 61.67 358 (7) 4925 P 84.39 86. 903 1-3 3p®s-3adpe
3185.72 B 0 57.79 61.87 1#-1: 4940 P 84.39 86.89) 1-1 (10)
3180.72 B 0) 57.78 61.66
2216.31 P 57.84 81.67 342 4158.76 A 0 (84.39 87.36) 1-3 3p°s-3a3P°
3199.53 B (1) 57.81 61.67 a3-1. 4135.9 P 84.39 87.38) 1-1  (11)
3188.65 P 57.79 61.66 1 4131.7 P 84.39 87.39) 1-0
3188.17 P 57.81 61.68 3%-3
3180.98 P 57.79 61.67 133 -
3177.80 B (0) 57.78 61.67 $-1 6830 P 85.11 86.91) 3-3 3p°P-3a°D°
8790 P 85.08 86.90) 1-3  (13)
6767 P 85.07 86.89) O-i
3375.50 B {3) 58.54 63.20 13-2} 3p%s-3a%Pc 6878 P 85.11 86.90) 3-3
3362.63 P 58.54 63.31 13-1: (8) 6819 P 85.08 86.89) 1-1
3354.31 A —  58.54 63.23 13- 6909 P 85.11 86.89) 3-1
5473 P 865.11 87.36) 2-3 2pSP-3a°pe
4798.25 B 5) 59.11 61.68 23-3% 3pP-zatpe 5376 P 85.08 87.38) 1-1  (13)
4783.43 B 4 59.09 61.57 14-3 (9) 5433 P 85.11 87.38) 3-1
4772.57 B 2) 59.08 61.67 1 5353 P 85.08 87.39) 1-0
4813.07 B 1)  59.11 61.67 233 5417 P 85.08 87.36) 1-3
4784.22 B 2)  59.09 61.67 14wt 5343 P 85.07 87.38) O-1
4779.08 B 2) 59.08 61.66 3-
2823.93 P 59.11 61.67 341 -
4800.77 P 59.09 61.66 -1 6339 P 86.07 88.03 2-3 ' 3plp.zalre
B00E.47 D (ﬂ) E0.11 €2.30 03-3 3941\-3:141” 4503 £8€.07 88.70 8-1 Zp D—-BdiP“
3956.82 P 59.09 62.21 131 (10) I (15)
3920.63 P 59.08 62.23
2977.10 B (1) 59.11 62.21 231 3703 3 88.79 93.13 1-3 3dlPe-alp
3945.29 P 59.09 62.22 13- (16)
3974.66 P 59.09 62.30 1i-2 -
2942.14 B  (0) 59.08 63.21 1 7438 P (89.15 90.81) — ?-4‘)51”
7
5362.4 P 59.63 61.93 2}-23 3p°D-33°pe
5305.3 P 59.59 61.91 1i-1f  (11)
3563.26 A 2 59.62 63.08 2}-33 3p°D-3a®F° O VI I P137.53 Anal A List A Feb 1843
3560.42 A 1 59.59 63.05 1i-2%  (13)
— W11 RS BE PR
.34 e .33 1
3520.9 P 59.97 63.48 3-1} 3pPs-3adpe
3503.2 P 59.97 63.50 i~ (13)
_ 3068 P 123.46 127.49 - szsz'zzx»
2
3489.84 C 1 64.03 67.57 13-23 3g' 2po_zpt 3p - )
24932.3¢2 ¢ 0  64.03 67.57 13 (14) 3633 P 123.84 137.35 ~— 69Pe-73g
- 3
) 3314 P 123.84 187.57 -- 62P°-78D
4568 P 68.30 70.91  — sap(w_?% (4)
15
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O VI continued
3508 P 123.97 137.48 — |
3438 P 183.97 187.57 — |
3438 P 123.98 137.57 — |
3433 P 123.98 127.57 ~ |
3434 P 123.98 187.57 — |
4751 P 137.25 129.85 3- '
5603 P 127.49 139.69 -}
5113 P 127.49 129.90 — '
5410 P 127.57 139.85 w '
5379 P 127.57 139.90 — '
5298 137.57 1839.90 = '
5389 127.57 189.90 = '
5898 1387.57 139.90 ==
5291 137.57 128.90 w= '
FI 1IP17.35 Anal C List D May 1!
7398.68 A 17 13.64 14.31 :
7482.78 A 11 12.68 14.33 131
7514.93 A 9 13.70 14.34
7331.95 A 15 12.64 14.33 2
7425.64 A 14  13.68 14.34 1
7552.8¢ A 14  13.68 14.31 1i2
7573.41 A 14  13.70 14.33 1
6856.08 A 16  12.84 14.44 233} !
6903.46 A 15  13.68 14.46 13-3
6909.83 A 13 13.70 14.48 1
67783.97 A 11 12.64 14.46 233-3
6834.86 A 13 13.68 14.48 13-1
6870.38 A 13 13.70 14.49
6708.37 A 7 13.64 14.48 231
6795.58 A 9 13.68 14.49 1:
6339.64 A 16  13.64 14.63 a1}
6348.50 A 15  13.68 14.63 1i-1
6413.66 A 14  12.70 14.63 1
7754.70 A 19 13.93 14.58 14-2% @
7800.33 A - 18 13.97 14.55 1
7607.17 A 15  18.93 14.55 1i-1
7311.08 A 13 13.93 14.63 1 :
7489.14 A 8 13.97 14.62 3~
7037.45 A 15  12.93 14.68 13-13 I
7127.88 A 14  13.97 14.70
6966.35 A 10  13.93 14.70 1
7803.27 A i3 13.07 14.68 —1
FII IP34.84 Anal B List D May1
384%7.086 A 30 31.84 25.02 2-3 32
3840.987 A 15 (31.81 35.01) 2-3
3851.667 A 10 (31.81 25.01) 2a-1
4034.737 A 20  22.57 25.64 1-3 2
4026.495 A 15  32.57 35.64 1-1
4028.0410 A 10 22.87 28.64 1-0
3505.614 A 15 25.03 38.543 3-4 3
3503.095 A 12 35.01 28.54) 3-3
3503.954 A 8 25.01 38.54) 23-2
3501.416 A 10 35.01 28.54) 1-0
4103.585 A 15  35.64 28.65 2-3 3
4103.085 A 10  235.64 38.65 1-3
4103.73¢ A 7  25.64 28.65 0-1
4103.871 A 7  35.64 28.65 3-2
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ned
8  26.15 29.16 3-3 3s' 3p°e-3p' Ipt
7 236.16 29.16 3-2 (5)
7 36,16 29.16 1-1
9  236.15 29.64 3-3 3s' 3pP-3p' 3Pt
7 36.16 39.85 3-1 ()
10  36.55 29.43 3-3 36! 19;-31:' iy
10  26.55 30.40 3-3 38 iP-3p' Ip
_— (8)
15n (38.54 31.44) — 3aBpe-as®F
J (2)
. 13n 28.65 31.43 3- 3a°D°-4r°Ft
' 10n 238.65 31.43 3- (10)
N 9  29.33 32.71  4-4 3p' JR-3a! FFet
R g  29.32 33.91 - (11)
L 7 29.32 33.71 -3
63.39 Anal A list D May 1944
\ 13 39.18 43.13 3 354P-3pépe
A\ 10 29.12 43.08 1#-3 (1)
\ 8  39.10 43.06 1.
N 8  39.16 43.08 332
Iy 8 35112 43.06 141
Iy 8  39.10 43.05
? 29.16 43.06 3d-1
A 4 39.12 43.05 1.
A 13 40.11 43.99 13-33 3e3P-3p3D°
A 10 40.06 43.95 1 (2)
A 6 40.11 43.95 14-1.
A 7  46.94 51.00 3 3p' Areay &
3 6  46.95 51.01 13-3 (2)
1.5 46.94 51.01 3-8
A 4  47.46 51.38 13-33 3p' 2po-3at Op
A 3 47.45 51.38 1 (4)
8 0  47.46 51.38 151
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IA Ref Int Low  High
NeI 1IP21.47 AnalA List C
7032.4127 A 10 16.55 18.30
6402.2455 B 20 16.55 18.48
6334.4279 A {10 16.55 18.50
6217.2813 A (15 16.55 18.53
6143.0623 A 13 16.55 18.56
5975.5340 A (12 16.55 1B.61
5944.8342 A (10 16.55 18.63
5881.8950 A {30 16.55 18.65
3473.5711 C 10 16.55 20.10
3369.9081 € 15 16.55 20.21
3369.8086 € 10 16.55 20.21
7245.1668 B 10)  16.60 18.30
6506.5279 A 15 16.60 18.50
6382.9914 A (12 16.60 18.53
6074.3377 A (10 16.60 18.63
6023.9971 A 10 16.60 18.65
5400.5620 B 50 16.60 18.88
3417.9036 ¢ (10) 16.60 20.31
6366.4950 A 515 16.64 18.61
6163.5939 A 12 16.64 18.85
8083.4580 B 300 16.78 18.30
7173.9288 B (10 16.78 18.50
7024.0508 B (s 16.78 18.53
£929.4678 B (10 16.78 18.56
6678.2764 A (9 16.78 18.63
6598.9539 A (15 16.78 18.65
5852.4878 A (50 16.78 18.88
3593.5259 C §1o 16.78 30.31
3530.4717 C 30 16.78 30.28
9665.436 D 1000 18.30 19.58
9486.680 B 500 18.30 19.60
8988.58 D 200 18.30 19.68
8865.759 B 500 18.30 19.69
5343.384 B 12 18.30 20.61
5341.096¢ B 30 18.30 20.61
5330.779 B 13 18.50 80.53
4837.338 B (10)  18.30 20.86
4710.058 E (10 18.30 20.93
4708.85¢ -B 13 18.30 30.93
4704.395 B (15 18.30 20.83
4537.751 B 10 18.30 31.03
8377.6068 B 800 18.48 19.95
8376.41 D 300 18,48 19.95
8300